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Abstract 
Background and Significance: Venous leg ulcers affect approximately 1-2% 
of the population. Patients with venous leg ulcers often experience reduced mobility 
and functional ability, social isolation and a decreased quality of life. This group are 
health service resource intensive, with many leg ulcers remaining unhealed for years 
and high rates of recurrence exist. Patients with venous leg ulcers have calf muscle 
pump dysfunction, which is associated with reduced ankle range of motion. Exercise 
that targets ankle joint mobility may lead to improvement in calf muscle pump 
function and subsequent healing. However, little is known regarding the effect of 
exercise on healing, functional ability and health-related quality of life. There is a 
paucity of evidence to support clinical guidelines recommending exercise as an 
adjunct therapy in reducing venous hypertension, although it is recommended in 
most international position statements. 
Aim: The overall aim of this research was to investigate exercise as a tool for 
improving healing outcomes for adults with venous leg ulcers. The specific aims 
were to i) understand from the participants’ perspectives the experience and meaning 
of exercise / physical activity to them, ii) determine whether a home-based exercise 
program facilitated by a telephone management component improved healing rates, 
physical activity levels, functional ability and health-related quality of life for adults 
experiencing venous leg ulceration, and iii) understand the role of exercise self-
efficacy and outcome expectations in relation to adherence.  
Methods: The research was undertaken in two stages. Study 1 was a 
descriptive exploratory study using semi-structured group discussions and interviews 
to gain an understanding of the experience and meaning of exercise to adults with 
venous leg ulcers. A convenience sample of patients from Queensland, Australia, 
with venous leg ulcers from Queensland University of Technology’s (QUT) Wound 
Healing Community Outreach Service were approached to generate data. Content 
analysis was considered an appropriate method for analysing the interviews, and 
results supplemented by quotations from the interviews which were used to illustrate 
conclusions. Data were transcribed by a court reporter and then imported into Nvivo 
9 (QSR). The textual data were read and re-read, and organised into categories by the 
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PhD Candidate, in accordance with Burnard’s staged thematic content analysis 
method.  
In study 2 a randomised, controlled trial was implemented where participants 
were followed up for 12 weeks and groups (intervention versus usual care) were 
compared over time. The primary aim of this research was to apply a theory-based 
intervention and establish whether a home-based exercise program facilitated by a 
telephone management component, was effective in promoting the healing rates of 
VLUs. Participants for the trial were recruited from three sites; one of two outpatient 
wound services in Queensland: a Wound Healing Community Outreach Service 
(Brisbane) and a medical centre (Gold Coast); and a community nursing service in 
Victoria, Australia. The primary outcomes evaluated the effectiveness of the 
intervention in relation to: wound healed (dichotomous yes/no), physical activity 
(Yale Physical Activity Survey), functional ability (Tinetti gait and balance and 
range of ankle motion) and quality of life (SF-8) measures between groups at the end 
of the 12 weeks. A per protocol or ‘adherers only’ analysis complemented the 
effectiveness analysis. Secondary outcomes were explored to examine the influence 
of other factors related to the primary outcomes. 
Results: Four common themes were drawn from Study 1 (n = 10), including i) 
participant understanding of the relationship between chronic venous insufficiency 
and exercise impacts on their exercise patterns, ii) fear of harm impacts upon positive 
beliefs and attitudes to exercise, iii) perceived factors/barriers limit exercise and iv) 
structured guidelines facilitate exercise. Regardless of their current exercise routine, 
participants reported exercising prior to venous leg ulceration and expressed an 
interest in either becoming active or maintaining an active lifestyle. 
Of the participants in Study 2 (n = 63), 77% of those in the intervention group 
healed by 12 weeks compared to 53% of those in the usual care group, showing over 
20% difference in healing rates between groups over 12 weeks. However, the 
significance was not supported statistically, although it is clinically relevant that 
those in the intervention group had a 2.9 times greater chance of healing by 12 weeks 
than those in usual care. Exploratory analyses revealed that a higher Tinetti gait and 
balance scores at baseline were found to be significantly associated with higher rates 
of healing. In addition a Geriatric Depression Scale score greater than 4 (i.e. at risk 
of depression) and Atrophie Blanche were significantly associated with higher rates 
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of not healing. However, the per protocol or ‘adherers only’ analysis for wound 
healing showed that those who adhered to the exercise protocol in the intervention 
group 75% or more of the time showed a significantly higher rates for wound healing 
(p = 0.01). 
The findings of Study 2 did not support the effectiveness hypotheses that there 
would be significant differences between groups nor an interaction effect for the 
remaining primary outcomes: physical ability, functional outcomes or quality of life 
between the intervention and usual care group at twelve weeks. There was an effect 
for time for the physical activity and range of ankle motion measure, suggesting an 
attention effect. However, per protocol analyses revealed encouraging results with 
those participants who adhered more than 75% of the time (n = 19) resulting in 
significantly improved range of ankle motion from the self-management exercise 
program (p = 0.045).  
Conclusions: The value of exercise in improving outcomes for this population 
lies in its capacity to promote venous return. Although exercise reduces the risk of 
secondary conditions and prevents de-conditioning that is likely to occur during 
ulceration, it seems people tend to reduce or stop exercising when they are in 
compression. Further exploration of mechanisms that assist this patient population 
and promote understanding about management of barriers, coupled with promotion 
of enabling factors is vital for improving their exercise participation. 
Studies have shown that calf muscle exercises are effective in improving the 
haemodynamics of the venous system. This study has shown that those participants 
who adhere to the exercise program as an adjunctive treatment to standard care are 
more likely to heal than those who do not adhere to the exercises in conjunction with 
usual care. Future studies should focus on ways to improve adherence with this 
patient population.  
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A note about format 
This dissertation is a thesis by publication, it contains within it three articles 
that have been published. These articles have been placed in the most appropriate 
position within the thesis to maintain logical flow. All articles are formatted 
according to individual journal requirements.  
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Chapter 1: Introduction 
Venous leg ulcers (VLUs) affect 1 – 3% of the population aged over 60 years 
(Graham, Harrison, Nelson, Lorimer, & Fisher, 2003; Heit et al., 2001). Chronic 
VLUs are slow to heal and frequently result in years of suffering. This chronic 
condition not only affects the lives of those who suffer from them but requires a 
significant amount of health care resources. A chronic leg ulcer is defined as a leg 
ulcer which fails to proceed through an orderly process to produce anatomic and 
functional integrity (Lazarus et al., 1994). Patients with VLUs report pain, sleep 
disturbances, wound odour, impaired mobility, altered body image, decreased vitality 
and disappointment with treatment leading to social isolation and an inability to work 
(Heinen, Persoon, Otero, & Van Achterberg, 2007; Persoon et al., 2004). Adults with 
VLUs seem to have an increased risk of disease-related co-morbidities (Persoon et 
al., 2004) such as cardiac disease and diabetes (Margolis, Knauss, & Bilker, 2004) 
for which exercise is beneficial. However, patients with VLUs have been reported as 
being less physically active than age-matched controls (Heinen, Van Der Vleuten, et 
al., 2007), which is a concern. Although patients’ problems such as sleep 
disturbances, impaired mobility and decreased vitality appear to be lifestyle related, 
adequate advice to improve physical activity levels is not part of common wound 
management practice (Heinen et al., 2012).  
VLUs account for approximately 70% of all chronic leg ulcers (Abbade & 
Lastoria, 2005) and are the result of chronic venous insufficiency or venous disease 
in the lower leg. Chronic venous insufficiency (CVI) is a dysfunction of the venous 
system due to sustained ambulatory venous hypertension in the lower-limbs that 
occurs as a result of an impairment of the calf muscle pump (Yim, Kirsner, et al., 
2014). The presence of venous insufficiency and subsequent venous hypertension 
may lead to calf muscle changes such as muscle fibre atrophy (Qiao, Liu, & Ran, 
2005), abnormal gait (Van Uden, Van der Vleuten, Kooloos, Haenen, & 
Wollersheim, 2005) and reduced strength and functioning of the calf muscle (Orsted, 
Radke, & Gorst, 2001; Yang, Vandongen, Stacey, & Stacey, 1999). This is 
significant as an inefficient calf muscle pump and poor range of ankle motion are 
associated with prolonged healing (Barwell et al., 2001; Simka, 2007).  
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Wound healing is a complex phenomenon involving a multitude of factors 
working together from the cellular to the topical level combined with gold standard 
compression therapy. The most common cause of VLUs is a disturbance in the 
haemodynamics of venous return from the extremity, causing venous hypertension. 
Leg ulcers that are a result of venous hypertension depend upon high compression 
bandaging to restore the high pressures in the venous system. An understanding of 
the calf muscle pump, is therefore crucial as it pumps more than 70% of the blood 
back to the heart (Yang, et al., 1999).  
Despite evidence to suggest that exercise improves calf muscle function in this 
patient population, (Heinen et al., 2012; Jull et al., 2009; Kan & Delis, 2001; 
Padberg, Johnston, & Sisto, 2004; Yang et al., 1999) to date few studies (Heinen et 
al., 2012; Jull et al., 2009; O'Brien, Edwards, Stewart, & Gibbs, 2013) have 
investigated the effect of improving the calf muscle pump function on healing rates. 
The PhD candidate’s previous work with her Master’s pilot study in this area 
assessed the feasibility of a home-based exercise program and examined the effects 
on the healing rates of VLUs. A 12 week randomised controlled trial was conducted 
investigating the effects of an exercise intervention compared to a usual care group. 
Participants in both groups (n = 13) had active venous ulceration and were treated in 
a metropolitan hospital outpatients clinic in Australia. This efficacy study indicated 
that the intervention was feasible with this patient population. Clinical significance 
was observed in the intervention group with a 32% greater decrease in ulcer size (p = 
0.34) than the control group, and a 10% (p = 0.74) improvement in the number of 
participants healed in the intervention group compared to the control group. 
Significant differences between groups over time were observed in calf muscle pump 
function parameters; (ejection fraction [p = 0.05]; residual volume fraction [p = 
0.04]) and range of ankle motion (p = 0.01). This pilot study was one of the first 
studies to examine and measure clinical healing rates for participants involved in a 
home-based progressive resistance exercise program (O'Brien et al., 2013). 
Challenges in recruitment lead to an underpowered efficacy trial. In order to reach a 
greater sample, pragmatic changes were made, which included: the delivery of the 
intervention over the phone rather than face to face which was resource intensive; a 
self-management program; and a multi-site RCT to increase sample size. However, 
at the time when designing the randomised controlled trial there were no other self-
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management exercise programs that had been conducted in this patient population. 
The initial stage therefore in designing an appropriate exercise self-management 
intervention was to explore the patient’s experience of exercise whilst managing 
venous leg ulceration from a qualitative perspective. Self-management of an exercise 
program may be an important strategy in the management of VLUs, as cost-effective 
delivery systems are now demanded in the health care system. However, it remains 
unclear if exercise improves the healing rates of VLUs and if this population is likely 
to participate in a self-management exercise program which is why an effectiveness 
study is crucial in identifying this gap in the literature and practice.  
Initiating and maintaining physical activity differs from other interventions 
such as dietary and pharmacological interventions in several aspects. First, physical 
activity takes considerably more time and effort to perform than most other 
preventative health behaviours. In addition physical activity must be performed by 
the individual, either alone or in a group, in order to be effective. In contrast, low-fat 
meals can be prepared by others, and medicines may be administered and monitored 
by caregivers (Chao, Foy, & Farmer, 2000). Physical activity is often perceived as a 
recreational or competitive activity rather than a therapeutic or prophylactic regimen 
(Dishman, 1994).  
In a population of adults who may have fears surrounding exercise (Roaldsen, 
Elfving, Stanghelle, Talme, & Mattsson, 2009) it is reasonable to believe getting 
participants to exercise is not as simple as just telling them to exercise. Changes in 
exercise patterns require multiple motivational strategies, including exercise 
instruction as well as goal-setting, self-monitoring and problem solving education 
(McDermott & Mernitz, 2006). Current research suggests exercise programs that are 
based on theoretical frameworks are more likely to be successful.  
Social Cognitive Theory (SCT) is one commonly used health theory that posits 
that learning occurs in a social context with a dynamic and reciprocal interaction of 
the person, environment, and behaviour (Bandura, 1998). SCT considers the unique 
way in which individuals acquire and maintain behaviour, while also considering the 
social environment in which individuals perform the behaviour. The theory takes into 
account a person's past experiences, which factor into whether behavioural action 
will occur (Bandura, 1998). 
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Many theories of behaviour used in health promotion do not consider 
maintenance of behaviour, but rather focus on initiating behaviour. The goal of SCT 
is to explain how people regulate their behaviour through usual care and 
reinforcement to achieve goal-directed behaviour that can be maintained over time 
(Bandura, 1998). Two of the constructs of SCT that this research focuses on are 
outcome expectancies and self-efficacy. Outcome expectancy refers to the 
anticipated consequences of a person’s behaviour and self-efficacy refers to the level 
of a person’s confidence in his or her own ability to perform a behaviour (Bandura, 
1998).  
The ageing of the population and associated increase in chronic disease is the 
most significant demographic change occurring during this century. Community 
nursing services report up to 50% of their time is consumed managing chronic leg 
ulcers (Carville & Lewin, 1998; Vowden & Vowden, 2006). 
 
1.1 RESEARCH PROBLEM 
Prevalence of VLUs in Australia is difficult to estimate due to inconsistencies 
with reporting and defining VLUs (Kapp & Sayers, 2008). In 2003 the global 
prevalence of leg ulceration was estimated at 0.1 to 1.1% (Moffatt & Dorman, 1995). 
An Australian report suggested a prevalence of VLUs of 1% in the overall Australian 
population (Baker & Stacey, 1994). More recent data has not been reported; 
however, estimates indicate that leg ulcers affect up to 3.0 per 1,000 of the Australian 
adult population (Vowden & Vowden, 2006). These wounds are hard to heal and are 
often present for more than 6 months (Briggs & Flemming, 2007).  
Current treatment of VLUs includes compression therapy, local wound 
management (e.g. debridement, moist dressings) and more sophisticated treatments 
such as bioengineered cellular technologies and negative pressure therapy. There is 
considerable variation in healing rates within the literature from the use of ‘gold 
standard’ compression bandaging. Multilayered compression bandaging is reported 
to heal from 23-56% (Harrison et al., 2005), and 69% (Franks & Moffatt, 1995) of 
patients after 12 weeks of treatment. However, up to 15–30% of chronic VLUs do 
not respond to compression treatment (O'Meara, Cullum, & Nelson, 2009) and 
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remain unhealed, even after a year of treatment (Kurd, Hoffstad, Bilker, & Margolis, 
2009), suggesting alternative adjunct treatments are necessary. Treating refractory 
ulcers involves intensive use of resources and Australian studies estimate costs of 
$4,500/patient for those who heal, and long-term ongoing costs for those remaining 
unhealed (Liew & Sinha, 1998; Muller, 1993). Although evidence-based care leads 
to improved healing rates and reduced costs, a significant evidence-practice gap is 
known to exist. Lack of access to specialist skills in wound care is one reason 
suggested for this gap (Graves, Finlayson, Gibb, O'Reilly, & Edwards, 2014). A 
more recent analysis of modelling the economic benefits of gold standard care for 
managing chronic wounds reported mean weekly costs of care of $AU53.32 (SD 
$6.47). Analysis at a population level suggests if 10,000 individuals receive 12 
weeks of specialist evidence-based care, the cost savings are likely to be 
AU$9,238,800 (Graves et al., 2014).  
There is a paucity of evidence to support clinical guidelines recommending 
exercise as an adjunct therapy in reducing venous hypertension although it is 
recommended in most international position statements such as the one published by 
the Australian Wound Management Association (Australian Wound Management 
Association (AWMA), 2011). This was a significant motivation for the PhD 
Candidate’s pilot work in her Masters research. The PhD Candidate’s pilot study was 
a randomised, controlled trial which assessed the feasibility of a twelve week home-
based progressive resistance exercise program. The findings indicated that the 
program was well accepted by the patients with a 70% compliance rate with no 
deleterious effects reported. The results demonstrated clinical significance in relation 
to wound healing between the intervention and usual care group, however due to a 
small sample size no statistical significance was observed. 
A recent study reported that patients with VLUs viewed physical activity as a 
positive factor in life (Roaldsen, Biguet, & Elfving, 2011). However, this did not 
translate to recommended physical activity levels. People experiencing venous leg 
ulceration reported barriers such as: pain, fear of injury, lack of time due to time 
consuming ulcer care, and care of family members (Roaldsen et al., 2011). These are 
common obstacles for older people or those with a chronic disease. Further, the study 
highlighted that patients reported that information from caregivers regarding physical 
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activity or exercise was insufficient or contradictory (Roaldsen et al., 2011). This 
sentiment is well supported by anecdotal evidence in clinical practice. Therefore, it 
was the primary aim of this research to apply a theory-based intervention and 
establish whether a home-based exercise program facilitated by a telephone 
management component, was effective in promoting the healing rates of VLUs. 
Exercise has the potential to be both a preventative measure and a treatment. 
Exercise is cost effective, avoids the side-effects of most medications, and offers a 
host of other positive health benefits. There is also evidence that lack of physical 
activity can impair healing (Radek, Baer, Eckhardt, DiPietro, & Wade, 2008). 
However, in order to promote behaviour change it is necessary to understand relevant 
factors that can influence behaviour change (Heinen, Evers, et al., 2007). Social 
Cognitive Theory (Bandura, 1997) is a commonly used framework in chronic 
disease. The two central concepts to this theory: self-efficacy and outcome 
expectations are further explored in Chapter 3. It is presumed that theory-based 
programs produce changes in theoretical variables, which in turn increase the 
likelihood of the health behaviour (Hortz & Petosa, 2008). However, these 
assumptions are rarely tested (Baranowski, Anderson, & Carmack, 1998; Bauman, 
PhD, Sallis, Dzewaltowski, & Owen, 2002). Based on these recommendations this 
research uses a theory-based intervention that targeted mediating variables drawn 
from SCT (i.e. self-efficacy and outcome expectations) relating to lower-limb 
exercises.  
To date there is one other study, ‘Lively Legs’, that addressed a similar 
exercise program for patients with VLUs using a theoretical framework (Heinen et 
al., 2012). This study had promising findings with the authors concluding that the 
Lively Legs program effectively increased the use of leg exercises and walking 
behaviour, and decreased wound time. However, there were several limitations to the 
study - primarily the differences in wound status at baseline, for example whether the 
ulcer was healed or unhealed. In the sample, 68% had an open wound and 32% had a 
wound closed in the month prior to inclusion. Secondly, performance of leg exercises 
and walking was assessed by means of self-reporting in patient interviews, however, 
the authors failed to define what ‘adherent’ versus ‘semi-adherent’ was. The 
constructs of Social Cognitive Theory (SCT) were built into their Lively Legs 
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program, however, they are not measured which does not allow the reader to 
establish if it was the design of the intervention or another factor which lead to the 
positive results.  
This current research is unique and thorough in its design. Study 1 sought to 
explore the meaning of exercise to patients with VLUs in order to design the most 
appropriate exercise self-management intervention which was tested in Study 2. The 
study protocol built on the theoretical framework that has been applied in previous 
research (Heinen et al., 2012) but is the first to measure two important constructs of 
SCT (self-efficacy and outcome expectations) in relation to adherence to an exercise 
program to improve the healing rates of VLUs. The following section therefore 
considers the research aim, objectives and research questions in relation to this 
research. 
 
1.2 AIMS 
The aims of this research were to: 
• Understand from the participants’ perspectives the experience and 
meaning of exercise / physical activity to them (Study 1);  
• Determine whether a home-based exercise program facilitated by a 
telephone management component improved healing rates, physical 
activity levels, functional ability and health-related quality of life for 
adults experiencing venous leg ulceration (Study 2); and  
• Understand the role of exercise self-efficacy and outcome expectations in 
relation to adherence to exercise for a home-based exercise program 
facilitated by a telephone management component for adults with VLUs 
(Study 2). 
 
1.3 OBJECTIVES 
The objectives of this research were to: 
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• Conduct focus groups and interviews with patients experiencing venous 
leg ulceration using a semi-structured interview guide to explore 
several concepts relating to Social Cognitive Theory: knowledge of 
chronic disease, the barriers and enablers of exercise; self-efficacy and 
social support strategies. It was envisioned this information would 
thereby help to inform the development of an exercise intervention in 
Study 2. 
• Conduct a randomised, controlled trial with participants experiencing 
venous leg ulceration to test the effectiveness of an exercise 
intervention on promoting healing and improving physical activity, 
functional ability and quality of life. 
• Explore the relationship between the two key concepts of Social 
Cognitive Theory (self-efficacy and outcome expectations) and 
adherence to an exercise program for participants in Study 2. 
 
1.4 RESEARCH QUESTIONS 
The research was undertaken in two stages. Study 1 was a qualitative scoping 
study that explored the perspectives of adults with VLUs, in relation to exercise. The 
research question for Study 1 was: 
• What were the perspectives of adults with venous leg VLUs, in 
relation to exercise? 
 
Study 2 was a randomised, controlled trial of VLU participants to assess the 
effectiveness of a home-based exercise program. The primary research questions (1a 
– 6a) were derived to assess the effectiveness of the intervention on 6 selected 
outcomes. For each of these a secondary question (1b – 6b) was developed to explore 
what other factors may have may have influenced that outcome. The research 
questions are presented below. 
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1.4.1.1 Primary research questions 
• 1a Was there a significant difference in healing rates between the 
intervention and usual care group at twelve weeks? 
• 2a Was there a significant difference in self-reported physical activity 
between the intervention group and usual care group at week 12? 
• 3a Was there a significant difference in baseline Tinetti gait and balance 
scores and week 12 scores between the intervention and the usual care 
group 
• 4a Was there a significant difference in baseline and week 12 range of 
ankle motion scores between the intervention and the usual care group? 
• 5a Was there a difference in health-related quality of life physical 
component summary (PCS) between the intervention group and the usual 
care group at twelve weeks? 
• 6a Was there a significant difference in the health-related quality of life 
mental component summary (MCS) between the intervention group and 
the usual care group at week 12? 
 
1.4.1.2 Secondary research questions 
• 1b What other factors predicted whether a wound would heal by 12 weeks 
in this sample? 
• 2b What other factors predicted self-reported physical activity by 12 
weeks in this sample? 
• 3b What other factors predicted the Tinetti gait and balance measure by 
12 weeks in this sample? 
• 4b What other factors predicted the range of ankle motion measure by 12 
weeks in this sample? 
• 5b What other factors contributed to the physical health-related quality of 
life at week 12 in this sample? 
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• 6b What other factors contributed to the mental health-related quality of 
life at week 12 in this sample? 
 
1.5 THESIS OUTLINE 
Chapter 2 presents a literature review of current knowledge on VLUs and the 
importance of understanding the relationship between exercise and wound healing. 
Chapter 3 explores the power of Social Cognitive Theory in exercise research, 
followed by the conceptual framework upon which this research was based. The 
research for this thesis was conducted across two studies. Study 1 was an exploratory 
study and the results informed Study 2, a randomised, controlled trial. Chapter 4 
describes the methods and presents the results for Study 1. Chapter 5 describes the 
study methods for Study 2 and the results for Study 2 are presented in Chapter 6. 
Chapters 2, 4 and 5 are based on published articles, which are provided within 
the chapters. Chapter 7 discusses the results of Study 2. Following this, Chapter 8 
provides an overview of both studies and a discussion of how these results contribute 
to the conceptual framework while also discussing the strengths, limitations and 
recommendations for future research.  
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Chapter 2: Venous leg ulcers and exercise 
2.1 INTRODUCTION 
Venous leg ulceration is a chronic condition that affects people of all ages. 
Venous ulceration is generally considered to result from venous occlusion, 
incompetent calf muscle pump function or venous valvular failure that give rise to 
venous hypertension (Palfreyman, King, & Walsh, 2007), which accounts for 70% of 
all leg ulcers (De Araujo, Valencia, Federman, & Kirsner, 2003). Venous ulceration 
is strongly related to risk factors such as family history of, or previous surgery for 
varicose veins; venous disease; phlebitis; DVT; congestive cardiac failure; obesity; 
immobility (Nelzén, Bergqvist, & Lindhagen, 1991) and previous leg injury (De 
Araujo et al., 2003).  
Currently venous leg ulcer management is a significant burden on patients, 
their families and the health care system. In recent years management of VLUs has 
moved from the acute care sector to the community (Smith & McGuiness, 2010). 
VLUs are the most common clinical wound problem seen in general practice and 
community nurses spend some 50% of their time treating leg ulcers (Carville & 
Smith, 2004; Vowden & Vowden, 2006). Viewed in the context of an ageing 
Australian population, the management of VLUs will remain a significant burden on 
the Australian health system into the future. Development of strategies to both reduce 
the initial development of VLUs and more effectively manage their treatment should 
be considered a health priority (Australian Wound Management Association 
(AWMA), 2011). 
Venous leg ulceration is the long term result of Chronic Venous Insufficiency 
(CVI). Although many theories exist to explain the progression from CVI to venous 
leg ulceration this research focuses on one theory, the failure of the calf muscle pump 
(Yang et al., 1999). This muscular pump is the primary mechanism to return blood 
from the lower-limbs to the heart. However, it has been found that the deficiency of 
the calf muscle pump function is significantly correlated with the severity of venous 
ulceration (Araki et al., 1994), which is related to decreased activity, paralysis, ankle 
joint deformity, or decreased range of ankle motion (Kunimoto et al., 2001). It is 
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likely that calf muscle pump haemodynamic performance is directly related to the 
strength of the calf muscle contraction; the stronger the contraction, the greater 
volume of blood emptied from the venous sinuses as a result. It is suspected that a 
reduction in calf muscle bulk through atrophy could result in a decrease in venous 
return, eventually leading to chronic venous insufficiency (Broderick, Dessus, Grace, 
& Olaighin, 2010).  
Venous insufficiency can be primary (loss of elasticity in vein wall) or 
secondary (deep vein thrombosis) (Palfreyman et al., 2007). Regardless of reason for 
venous insufficiency, damage to the valves means blood flows backward and pools 
in the veins. This is referred to as reflux, and exposure to the superficial veins to high 
pressure is known as venous hypertension (Palfreyman et al., 2007). The venous 
hypertension results in localised oedema (McDonagh, 1993). Any fluid filtration in 
the epidermis and dermis is managed by a competent lymphatic system. However, if 
chronic superficial venous hypertension sets in, a cascade of events results that 
ultimately affects skin perfusion, fluid and solute exchange, lymphatic function, 
tissue morphology, and blood rheology (McDonagh, 1993). Oedema is the result of 
uncompensated fluid filtration from blood to tissue in the lower extremity. The 
oedema traps leucocytes in the tissues, which release oxygen free-radicals and other 
toxic products that further injure the surrounding tissue and produce localised tissue 
damage (Schmid-Schönbein, Takase, & Bergan, 2001). The damage to the tissues 
continues until a wound results. 
The gold standard treatment of VLUs is compression therapy to reduce venous 
hypertension and oedema. However, up to 15–30% of chronic VLUs do not respond 
to compression treatment (O'Meara et al., 2009) and remain unhealed, even after a 
year of treatment (Kurd et al., 2009). There is little evidence to support exercise as an 
adjunct treatment however it is recommended in most international position 
statements.  
The literature review presented in this chapter will examine current knowledge 
of wound healing, including the prevalence and significance VLUs, before focusing 
on the pathophysiology of the venous system. It is imperative that a thorough 
understanding of the pathophysiology of the venous system is understood in this 
research as appreciating the significant role of the calf muscle pump is crucial to 
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recognising exercise as an adjunct treatment in venous leg ulcer management. The 
following section describes the diagnosis, risk factors and current treatment of VLUs. 
This chapter concludes with a published article which describes the relationship 
between the calf muscle pump, ankle range of motion and healing for adults with 
VLUs, which highlights exercise as an adjunct treatment for the management of 
VLUs. 
A primary search of the literature was conducted from 1980 – January 2015 
using the keyword search terms of venous, chronic venous insufficiency, leg, ulcer*. 
A secondary search included the above search terms and exercise* and/or physical 
activity and calf muscle pump and ankle range of motion. Databases searched were 
Medline, Cinahl, PsychINFO, Academic Search Elite, EJS E-Journals, Biological 
Abstracts, Sport Discus, Current Contents, ProQuest health databases, the Cochrane 
Library Databases, ScienceDirect, Web of Science, Australian Digital Theses 
Database (TROVE) ProQuest Dissertations and Theses. In addition conference 
proceedings were searched from 2000 – 2015 on the websites of the European 
Wound Management Association, Australian Wound Management Association, 
Wound Healing Society, Association for Advances in Wound Care, Canadian 
Association of Wound Care, European Tissue Repair Society and World Union of 
Wound Healing Societies. 
 
2.2 WOUND HEALING OVERVIEW 
Wound healing is a complex, dynamic, well-coordinated process that includes 
the circulatory, immune, and endocrine systems. Wound healing occurs wherever 
there is an interruption in the body to the integrity of the tissues. The ability to 
regulate these processes allows humans to rapidly regain tissue integrity following 
injury. Wound healing can be subdivided into four distinct overlapping phases: 
haemostasis, inflammation, proliferation (including granulation tissue formation) 
and, tissue remodelling (Ebrecht et al., 2004). These processes are co-ordinated by 
multiple cytokines and growth factors, and dependent on adequate tissue 
oxygenation, metabolic energy and protein synthesis (Patel, 2005). Progression 
through the stages in a timely manner is critical to avoid chronic, non-healing 
wounds (Casey, 2011). 
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In pathological conditions such as non-healing leg ulcers, the efficient and 
orderly process of wound healing is lost. The ulcers are locked into a state of chronic 
inflammation characterised by abundant neutrophil infiltration with associated 
reactive oxygen species and destructive enzymes (Diegelmann & Evans, 2004). 
Dysfunctional healing may occur during any phase of wound healing and may 
involve insufficient repair, excessive repair, or infection. The cause of dysfunctional 
healing can be related to a predisposing disorder, such as diabetes, or to medications 
(steroids), lifestyle choices (smoking), and biological process (ageing) (Ebrecht et 
al., 2004). Other factors that are known to delay healing are heightened perceived 
stress, increased oedema or decreased capillary density causing wound hypoxia 
(Ebrecht et al., 2004). There is an increasing amount of evidence to suggest that 
regular physical activity and/or exercise may decrease levels of inflammatory 
markers in the blood (Gleeson, 2007). This may be important as increased leukocyte 
activation has been shown in patients with venous disease (Smith, 2001). 
More than 90 per cent of non-healing wounds can be classified as VLUs, 
pressure ulcers or diabetic ulcers (Mustoe, O'Shaughnessy, & Kloeters, 2006). The 
focus for this research is the effect of an exercise program on venous leg ulceration 
resultant from chronic venous insufficiency.  
 
2.3 VENOUS LEG ULCERS 
Chronic venous insufficiency is a chronic and often progressive syndrome. A 
leg ulcer is defined as “an area of discontinuity of the epidermis and the dermis on 
the lower leg persisting for four weeks or more” (Templeton & Telford, 2010). VLUs 
are typically located on the lower leg between the ankle and calf, or below the medial 
malleolus. The surrounding skin may be hyperpigmented, usually irritated by ulcer 
secretion, and inflamed (Abbade & Lastoria, 2005). Leg ulcers arise from 
predisposing conditions that impair the ability of the tissue to maintain its integrity 
(Hafner, Botonakis, & Burg, 2000) and exhibit periods of healing alternating with 
episodes of open ulceration. The most common cause is a disturbance in the 
haemodynamics of venous return from the extremity, causing venous hypertension 
(Hjerppe, Saarinen, Venermo, Huhtala, & Vaalasti, 2010). The pathophysiology of 
VLUs will be further explored in Section 2.3.3. 
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 2.3.1 Prevalence 
It is difficult to estimate the exact prevalence of leg ulceration, however, it is 
estimated to be 1 - 3% of the population (Roaldsen et al., 2009). The most frequent 
aetiology (75 – 80%) is venous insufficiency (Roaldsen et al., 2009). Prevalence 
increases with age to about 20/1000 in people aged over 80 years (Wautrecht, 1997). 
Therefore, as the proportion of older people in the Australian community is expected 
to increase, the overall prevalence of chronic leg ulceration will undoubtedly 
increase (Baker & Stacey, 1994). 
There has only been one epidemiological study on chronic leg ulcers in 
Australia which was conducted in 1994 (Baker & Stacey, 1994). Eighty-three per 
cent of patients were managed entirely in the community and 45% of patients were 
housebound. VLUs are chronic and recurring in nature; 35% of patients had a 
problem with their ulceration for more than 5 years and 50% had their lesions for 
over 1 year with up to 72% of patients with venous ulcers having recurrence (Baker 
& Stacey, 1994). 
 
2.3.2 Significance 
The high prevalence of venous diseases, specifically VLUs, has a significant 
socioeconomic impact in terms of medical care (Abbade & Lastoria, 2005). Treating 
refractory ulcers involves intensive use of resources and Australian studies estimate 
costs of $4,500/patient for those who heal, and long-term ongoing costs for those 
remaining unhealed (Liew & Sinha, 1998; Muller, 1993). 
A recent cross-sectional study in Germany sought to identify cost-of-illness in 
patients with leg ulcers. The survey was conducted at 23 centres with 218 patients. 
The total costs per patient per year amounted to €9569 (Purwins et al., 2010). The 
financial burden of treatment is estimated to be 600 million pounds annually in the 
UK, which is 2% of the national health budget (Anand, Dean, Nettleton, & Praburaj, 
2003; Chukwuemeka & Phillips, 2007). These estimates do not even include costs 
related to variable healing times or individual loss of income due to absenteeism 
from work (Anand et al., 2003; Chukwuemeka & Phillips, 2007). 
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Chronic venous leg ulceration is primarily the end result of sustained 
ambulatory venous hypertension, which in turn arises from superficial and/or deep 
venous reflux with or without deep vein obstruction. The following section details 
the pathophysiology of VLUs by focusing on the calf muscle pump and its role in 
venous hypertension. 
 
2.3.3 Pathophysiology  
There are several theories explaining the pathophysiology of CVI and chronic 
venous ulceration (CVU), but the exact mechanism causing skin abnormality and 
ulceration are still unclear (Hjerppe et al., 2010). Several theories exist in relation to 
the pathophysiology of venous leg ulceration which will be explored briefly; fibrin 
cuff theory, inflammatory trap theory and dysregulation of various cytokines 
(Vasudevan, 2014). 
The fibrin cuff theory posits that fibrin gets excessively deposited around 
capillary beds leading to elevated intravascular pressure. This causes enlargement of 
endothelial pores resulting in further increased fibrinogen deposition in the 
interstitium. The “fibrin cuff” which surrounds the capillaries in the dermis decreases 
oxygen permeability 20-fold. This permeability barrier inhibits diffusion of oxygen 
and other nutrients, leading to tissue hypoxia causing impaired wound healing 
(Burnand, Whimster, Naidoo, & Browse, 1982). 
The inflammatory trap theory suggests that various growth factors and 
inflammatory cells, which get trapped in the fibrin cuff promote severe uncontrolled 
inflammation in surrounding tissue preventing proper regeneration of wounds 
(Falanga & Eaglstein, 1993). Leukocytes get trapped in capillaries, releasing 
proteolytic enzymes and reactive oxygen metabolites, which cause endothelial 
damage. These injured capillaries become increasingly permeable to various 
macromolecules, accentuating fibrin deposition. Occlusion by leukocytes also causes 
local ischemia thereby increasing tissue hypoxia and reperfusion damage 
(Vasudevan, 2014). 
Although debate remains regarding progression of venous disease to venous 
leg ulceration, an impaired calf muscle pump seems to be a likely contributor and 
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research shows exercise can improve the function of the damaged calf muscle pump 
(O'Brien et al., 2013; Padberg et al., 2004; Yang et al., 1999). Therefore, this 
research focuses on the calf muscle pump. However, in order to understand the 
physiology of the calf muscle pump a review of the anatomy and physiology of the 
venous system is necessary. 
The role of the venous system is to act as both a reservoir to hold extra blood 
and as a conduit to return blood from the periphery to the heart. This is a significant 
task as the average human’s cardiac output is 5–10 L/min, which is received into 
end-capillary venules for the delivery back to the heart. A portion of this volume 
passes into the extremities of venous system, such as the legs, where it is received 
against a reverse pressure gradient. Then it is passed uphill against gravity, against 
fluctuating thoraco-abdominal pressures (Bergan, 2008). 
The venous system in the leg is classified according to the anatomical relation 
to the fascia of the leg (Struckmann, 1993). Suprafascial collecting veins of the lower 
extremity can dilate to accommodate large volumes of blood with little increase in 
back pressure, so that the volume of blood sequestered within the venous system at 
any moment can vary by a factor of two or more without interfering with the normal 
function of the veins (Bergan, 2008). Suprafascial collecting veins belong to the 
superficial venous system. Outflow from collecting veins is via secondary, or 
conduit, veins that have thicker walls and are less distensible (Bergan, 2008). Most 
of these veins are subfascial and are surrounded by tissues that are dense and tightly 
bound. These subfascial veins belong to the deep venous system (Bergan, 2008). All 
veins within the leg are supplied with valves allowing blood to pass in one direction 
of the heart. These valves are unevenly distributed; the deep calf veins contain valves 
within every inch, whereas the femoral vein only contains between 2-4 valves 
(Struckmann, 1993). 
The superficial venous system is a complicated and variable network of 
interconnecting vein (See Figure 2-1) (Bergan, 2008). These superficial veins serve 
as a conduit to pass blood centrally and eventually into the deep venous system.  
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Figure 2-1. Superficial veins 
 
Reprinted with permission (Bergan, 2008) 
 
Many superficial collecting veins deliver their blood into the deep system 
through the saphenofemoral junction and the saphenopopliteal junction (See Figure 
2-2 and Figure 2-3) (Bergan, 2008). However, the SPJ and SFJ are not the only 
pathways from the superficial system to the deep system. Superficial veins are also 
connected to a variable number of perforating veins that pass through openings in the 
deep fascia to join directly with the deep veins of the calf or thigh. Perforating veins 
have venous valves that prevent reflux of blood from the deep veins into the 
superficial system (Bergan, 2008). Although perforator veins are found both in the 
calf and the thigh, the clinically most important perforator veins are located on the 
medial aspect of the calf (Struckmann, 1993). All venous blood is eventually 
received by the deep venous system (See Figure 2-4) on its way back to the right 
atrium of the heart (Bergan, 2008). 
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Figure 2-2. Perforating veins 
 
Reprinted with permission. (Bergan, 2008) 
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Figure 2-3. Saphenopopliteal junction 
 
Reprinted with permission. (Bergan, 2008) 
 
 
 
 
Figure 2-4. Deep veins 
Reprinted with permission. (Bergan, 2008) 
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A key aspect of progression from CVI to venous ulceration is ambulatory 
venous hypertension (Meissner et al., 2007; Recek, 2006). In order to return the 
blood to the heart via the venous system, several factors must work together: a 
central pump, a peripheral venous pump, a pressure gradient and competent veins 
and/or venous valves (Meissner et al., 2007). The peripheral calf muscle pump is 
often referred to as the secondary heart indicating its importance in maintaining 
venous return.  
Calf muscle pump failure is “the inability of the calf muscle pump to maintain 
venous return from the lower extremity”(Browse, Burand, & Wilson, 1999). It is 
often caused by venous valvular incompetence secondary to DVT but may be due to 
primary valve incompetence as well. Calf muscle pump failure leads to an 
accumulation of blood in the deep venous system and therefore venous hypertension.  
 
2.3.4 Function of the calf muscle pump  
The calf muscle pump is comprised of the following components: superficial 
veins, perforating veins, deep veins, one-way valves and the calf muscle. The normal 
human calf muscle includes: the superficial compartment: the gastrocenemius, soleus 
and plantaris muscles; and the deep compartment: the popliteus, flexor hallucis 
longus, flexor digitorum longus and the tibialis posterior muscles (Jenkins, 1991) 
(See Figure 2-5). The most important muscle for foot dorsiflexion is: tibialis anterior 
whereas the most important muscles for foot plantarflexion are the gastrocnemius 
and soleus (Jenkins, 1991). 
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 Figure 2-5. Muscles of the calf and ankle. 
 
Reprinted with permission. www.askthehealthclub.com 
 
Over 70% of patients who present with a venous leg ulcer have an impaired 
calf muscle pump (Kan & Delis, 2001). During exercise the valves open and close by 
the action of contraction of the calf muscle, squeezing and increasing the pressure 
within the deep and superficial veins and pushing the blood upwards toward the 
heart. When the muscle relaxes the pressure is reduced and the valves close to 
prevent blood flowing back again as seen in Figure 2-6.  
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Figure 2-6. Normal venous blood flow 
 
Reprinted with permission (Owen, 2007) 
 
Contrary to venous hypertension resulting from reflux or occlusion, which can 
be successfully managed with elastic bandages, compression is not very useful in 
lowering venous hypertension associated with an insufficient calf muscle pump 
(Simka, 2007). Therefore, exercises designed to improve the calf muscle pump, as 
well as appropriate compression therapy (usual care), may be effective in relieving 
the prolonged functional disability associated with CVI. Diagnosis and treatment of 
this chronic disease is essential to reducing cost and long-term health implications. 
 
2.3.5 Diagnosis of chronic venous insufficiency 
Diagnosis is based on the classical clinical presentation of the venous ulcer and 
on supporting examinations. The CEAP classification (Clinical-Etiology-Anatomy-
Pathophysiology) was adopted worldwide to facilitate meaningful communication 
about chronic venous disorders (Eklof et al., 2004) as shown in Table 2-1. 
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Table 2-1. The simplified CEAP classification 
Simplified CEAP classification 
The CEAP classification system offers a useful method of recording clinical severity 
and includes Clinical classification, aetiological classification (congenital, primary, 
secondary), Anatomic classification (superficial, deep, perforator), and 
Pathophysiological classification (reflux, obstruction or both) 
C0 No signs of venous disease 
C1 Telangiectasies or reticular veins 
C2 Varicose veins 
C3 Oedema 
C4a Pigmentation or eczema 
C4b Lipodermatosclerosis or atrophie blanche 
C5 Healed venous ulcer 
C6 Active venous ulcer 
 
Reprinted with permission (Eklof et al., 2004; Vowden, 2010) 
 
Non-invasive examinations such as doppler, plethysmography, and duplex 
scanning are used to characterise venous abnormalities in patients with CVI (Welch 
et al., 1996). Continuous-wave Doppler studies are useful in providing information 
on the anatomic level of any superficial venous incompetence or obstruction. Air 
plethysmography is a simple test to measure the degree of venous reflux and has 
been used in several studies to assess calf muscle pump efficiency. Strain gauge 
plethysmography is gaining acceptance as a test to measure calf muscle pump 
efficiency. Duplex scanning is a method that provides detailed anatomical 
information, and is especially useful in identifying which veins are competent 
(Weingarten, Branas, Czeredarczuk, Schmidt, & Wolferth, 1993). 
Identification of healthy arterial circulation is vital in leg ulcer patients as 
compression will impair a critically ischaemic limb (McRorie, Ruckley, & Nuki, 
1998). Therefore, in order to exclude peripheral arterial disease an ankle-brachial 
pressure index (ABPI) must be performed. Currently there is no single agreed 
method for blood flow measurement. Each technique has its advantages and 
disadvantages (Nicolaides, 2000). 
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2.3.6 Risk factors 
The literature consistently indicates the following risk factors for VLUs; 
patient history of varicose veins (Cardinal, Eisenbud, & Armstrong, 2009), trauma to 
the leg and a sedentary occupation (Dowsett, 2005), cellulitis of the lower extremity, 
congestive heart failure, diabetes, lower-limb oedema, osteoarthritis, peripheral 
vascular arterial disease of the lower extremity, rheumatoid arthritis, history of hip 
surgery, history of venous surgery, being female (multiple pregnancies), advancing 
age (Margolis et al., 2004) and a limited range of ankle movement (Robertson et al., 
2009). An inefficient calf muscle, and nutritional deficiencies will further lead to the 
development or delayed healing of VLUs (Werchek, 2010). There have been 
multiple risk factors suggested for delayed healing, such as a large wound area (OR 
1.19, 95% CI 1.11-1.27) (Margolis et al., 2004), long ulcer duration (OR 1.09, 95% 
CI 1.04-1.16) (Margolis et al., 2004), deep venous thrombosis (Gross, Wood, 
Lazarus, & Margolis, 1993), lipodermatosclerosis and previous history of ulceration 
(Abbade, Lastória, & de Almeida Rollo, 2011). Interestingly in a study of 189 
patients the results showed two independent predictors for slow healing are lifestyle-
related and changeable; a short walking distance during the day (<200 meters) (OR 
0.89, CI 0.09-8.44) and reduced ankle range of motion (ROM) (OR 60.09, CI 10.80-
334.44) (Milic, Zivic, Bogdanovic, Karanovic, & Golubovic, 2009).  
Researchers have reported median or average ulcer durations ranging from 6 
months (Lorimer, Harrison, Graham, Friedberg, & Davies, 2003), 8 months (Moffatt, 
Franks, Doherty, Smithdale, & Martin, 2006), 11 months (Edwards et al., 2005) and 
up to 64 months (Abbade & Lastoria, 2005). Several factors have been identified 
associated with an increased incidence of non-healing VLUs; history of venous 
ligation, hip or knee surgery, ABPI < 0.8, fibrin (yellow > 50% of the ulcer base), 
larger size (area) and longer duration in months (Margolis, Berlin, & Strom, 1999). 
 
2.3.7 Treatment 
Appropriate and effective treatment is dependent upon establishing the correct 
aetiology of a leg ulcer, since there are critical management differences (Templeton 
& Telford, 2010). Management options differ according to aetiology; whether the 
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ulcer is caused by venous insufficiency, arterial disease, or a combination of venous 
and arterial insufficiency or alternative aetiology (e.g. skin cancer).  
The treatment of a venous ulcer has two main objectives: to heal the venous 
ulcer and to avoid a recurrence of ulceration. Wound care is important in achieving 
the first outcome and often involves the removal of fibrin and devitalised tissue from 
the base and border of the ulcer, to reduce the risk of infection and promote healing 
(Abbade & Lastoria, 2005). 
The primary treatment of venous ulceration is aimed at reducing oedema and 
improving venous return. Systematic reviews have shown the cornerstone treatment 
of VLUs is the application of compression therapy to reduce this venous 
hypertension (Cullum, Nelson, Fletcher, & Sheldon, 2007; O'Meara, Cullum, Nelson, 
& Dumville, 2012; Van Hecke, Grypdonck, & Defloor, 2008). Patients should be 
counselled to avoid standing or sitting with dependent legs for long periods, as this 
will encourage venous pooling (Werchek, 2010). 
Compression bandages applied to the lower-leg have been used for thousands 
of years to help promote blood in the lower leg back to the heart. However, there is 
still no compelling evidence regarding the most clinically effective system of 
compression (Cullum, Nelson, Flemming, & Sheldon, 2001) although at this point in 
time as shown in systematic reviews high-compression bandaging is recommended 
as the most effective treatment (Cullum et al., 2007; O'Meara et al., 2012).  
Compression systems may be classified into three groups: static (short stretch 
bandages), or elastic (long-stretch bandages), and hosiery (stockings). The static 
bandages provide little or no elasticity and therefore require the patients to be 
ambulatory. The theory behind this is that contracting calf muscle exerts a high 
pressure against the fixed resistance of the bandage; this working pressure drives the 
blood in the deep veins upwards. This ensures that when the calf muscle relaxes, the 
bandage does not continue to exert pressure and this low “resting pressure” facilitates 
deep venous filling (Kunimoto et al., 2001). Therefore, these bandages are more 
suited for ambulatory patients and safer for those with mixed disease due to the low 
resting pressure. One disadvantage is that they do not allow for leg volume changes, 
so as the oedema decreases the amount of compression will also decrease. 
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Elastic bandages such as “four-layer” are popular because of their ability to 
maintain high compression over several days to a week, reducing the frequency of 
dressing changes. Elastic bandages have the advantage of conforming to the leg, 
accommodating changes in leg volume, and providing high resting and ambulatory 
pressures. Due to the elasticity, these bandages continue to exert compression even 
when the leg is elevated. This can be a problem if significant arterial insufficiency 
exists. As a result, the four-layer bandage is not recommended for use in patients 
with an ABPI of less than 0.8 (Kunimoto et al., 2001). Elastic bandages do however 
require competency to apply.   
Physical modalities often are used to help heal chronic wounds such as VLUs. 
Although clinical studies have examined the effects of compression therapy on leg 
ulcers (Cullum et al., 2007; O'Meara et al., 2012), the trials evaluating electrical or 
electromagnetic therapy, ultrasound, and laser irradiation are small, poor-quality, and 
heterogeneous. Dressings are used as an adjuvant therapy to compression therapy, 
however no specific dressing product has been found to be superior for VLUs 
(Australian Wound Management Association (AWMA), 2011). Other interventions 
that may be used as treatments in VLUs with poor effectiveness as treatments, often 
in combination with compression therapy include skin grafting, pharmacological 
treatments such as pentixifylline or micronized purified flavanoid fraction (Simon, 
Dix, & McCollum, 2004). Leg elevation to reduce oedema and enhance flow in the 
microcirculation is also recommended with no evidence (O'Meara et al., 2012). 
2.4 UNDERSTANDING THE RELATIONSHIPS BETWEEN THE CALF 
MUSCLE PUMP, ANKLE RANGE OF MOTION AND HEALING FOR 
ADULTS WITH VENOUS LEG ULCERS: A REVIEW OF THE 
LITERATURE  
VLUs can take a long time to heal, and recurrence is approximately 70% 
(Abbade & Lastoria, 2005), suggesting perhaps that more needs to be done to reduce 
venous hypertension. Little attention in relation to treatment has been paid to the 
activation of the calf muscle pump (Davies, Bull, Farrelly, & Wakelin, 2007), which 
as discussed in Section 2.3.4 helps to pump blood from the lower-limb back to the 
heart thereby contributing to a reduction in venous hypertension through this 
mechanism (Padberg et al., 2004).  
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An article has been published from this literature review –“Understanding the 
relationships between the calf muscle pump, ankle range of motion and healing for 
adults with VLUs: a review of the literature.” 2012. 20(2) Wound Practice & 
Research. A copy of the published version is provided in the following section. 
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This section is on new reports since publication of the PhD Candidates 
literature review in 2012. A recent, randomised, controlled trial (Meagher, Ryan, 
Clarke-Moloney, O'Laighin, & Grace, 2012) prescribed walking with a target of 10 
000 steps per day in the intervention versus control group for adults with VLUs 
wearing multilayer compression bandaging. It was reported that an increased number 
of steps was associated with shorter time to healing. Fifty percent of patients in the 
intervention group increased their mean number of steps and 33% achieved 10 000 
steps per day. A single arm cohort study (Kelechi, Green, Dumas, & Brotherton, 
2010) provided an alternative method that may address barriers to exercise, such as 
lack of transportation and cost (Yim, Kirsner, et al., 2014). This study was an 
internet-based coaching session, which reported increased adherence and significant 
improvement in ankle strength and plantar flexion. However, the sample was a small 
sample size of 5 patients with a study duration of 1 week.  
A more recent comparative study (Kelechi, Mueller, Spencer, Rinard, & Loftis, 
2014) compared a nurse-directed, patient centred intervention (involving 
motivational enhancement) compared to conditioning activities for lower leg 
function alone. A convenience sample of 24 patients who were being treated for 
venous, arterial, and neuropathic leg or foot ulcers and had critically colonised or 
infected wounds were recruited. Active exercises were performed; ankle inversion 
and eversion, toe tapping, and toe and ankle pumping. Stretching exercises included 
daily stretching of the gastrocnemius and soleus muscles in the standing position and 
the hamstrings during sitting. Strengthening exercises included toe raises (lifts) and 
sit to-standing activity and progressed as the participant’s strength increased. The 
outcomes measures for pain, motivation, self-efficacy, physical activity and function, 
leg strength, and ankle range of motion were measured. Overall pain was 
significantly reduced in both groups but no statistically significant differences were 
found for the other measures. This study however has been the first to examine the 
feasibility of a nurse delivering the intervention in a busy wound clinic. This study 
also highlights an important consideration that nurses are in a position to play a vital 
role in enhancing motivation and self-efficacy for these patients to promote physical 
activity and other healthy lifestyle modifications (Kelechi et al., 2014).   
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As health care provision continues to move away from the hospital-based 
models and toward home care and independent patient care models, comparative 
effectiveness research with supervised physical therapy exercise needs to be explored 
(Yim, Kirsner, et al., 2014). Multi-disciplinary health teams should be encouraged to 
work together to provide well-designed exercise therapy for patients with VLUs that 
may affect their functional ability, quality of life and healing outcomes. 
 
2.5 SUMMARY 
Chapter 2 provides an overview of the prevalence, impact, pathophysiology 
and risk factors of venous leg ulceration, a detailed description of the calf muscle 
pump and presents the first published article of this thesis. This review has 
demonstrated that although there is some evidence to suggest that exercising the calf 
muscle can improve haemodynamics of the lower-limb, there is limited research to 
establish if this results in improved healing rates for adults with VLUs. 
The following chapter explores social cognitive theory and chronic disease 
self-management from the perspective of developing a tailored intervention for 
patients with VLUs and common tools to assist in goal setting, such as pedometers 
and telephone-based interventions.
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Chapter 3: Social Cognitive Theory, exercise 
and chronic disease 
3.1 INTRODUCTION 
Exercise has been shown to have many benefits. Exercise may be of particular 
benefit to patients with VLUs because it promotes venous return (Sochart & 
Hardinge, 1999) which is crucial in restoring venous hypertension. However, there is 
little research systematically studying the mechanisms of exercise adherence in this 
patient population.  
The theoretical framework selected for this study was Bandura’s Social 
Cognitive Theory (SCT) (Bandura, 1977, 1986b). SCT was chosen as it is one of the 
most comprehensive theories used to explain human behaviour and has been used for 
the development and successful implementation of smoking cessation programs, 
health behaviour change and physical activity interventions (Di Loreto et al., 2003; 
Tudor-Locke, Myers, & Rodger, 2001). Self-efficacy and social cognition theory 
forms the basis of many self-management programs, and there have been some 
studies investigating the influence of self-efficacy and self-care practices for patients 
with VLUs (Brown, 2010; Brown, Kendall, Flanagan, & Cottee, 2014; Van Hecke, 
Verhaeghe, Grypdonck, Beele, & Defloor, 2011). This reflects an emerging interest 
in the relationship between psychological constructs such as self-efficacy and 
outcomes for patients with VLUs, and whether people with VLUs could be supported 
by self-management programs based on similar concepts.  
Self-efficacy and outcome expectations have repeatedly been noted to have 
major influence on exercise activity, and are therefore important to this program of 
research (Conn, 1998; Dishman et al., 2005; McAuley et al., 2005). Although 
Bandura theorised that self-efficacy expectations have a greater influence on 
behaviour than outcome expectations, there are several studies with older adults that 
suggest outcome expectations independently influence health behaviours (Resnick, 
Palmer, Jenkins, & Spellbring, 2000; Williams, Anderson, & Winett, 2005; 
Wojcicki, White, & McAuley, 2009). Older adults with positive expectations toward 
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exercise were more likely to adhere to a prescribed program (Jette et al., 1998). For 
older adults the outcomes of performing an activity may be more important than a 
belief in their ability to perform the activity (Resnick, 1998). 
For people with a long-term condition including VLUs, adjustments such as 
learning new behaviours and/or modifying one’s lifestyle becomes a necessity (Jones 
& Riazi, 2011). However, the ease with which such changes occur is multifaceted. 
The concept of self-management has always existed, whether through self-help 
groups, family or community support (Kendall & Rogers, 2007). Notwithstanding 
the need for society and healthcare to provide appropriate structures for independent 
living, there remains the question concerning the individualistic and psychological 
factors that could mediate successful self-management (Jones & Riazi, 2011). 
Therefore, understanding individualistic factors such as level of confidence and 
outcome expectations of individuals working towards a particular goal could also 
help health professionals appreciate the different responses to self-care.  
This chapter provides a detailed overview of the conceptual framework for this 
research, which is based upon Social Cognitive Theory and its main constructs: self-
efficacy and outcome expectations. Chronic disease self-management is then 
explored with a focus on the benefit and barriers to an exercise regimen and a 
summary of published guidelines for older adults.  
A search of the literature was conducted from 1980 –-March 2015 using the 
keyword search terms of older adult*, chronic disease, self-manage* exercise* 
and/or physical activity and social cognitive theory or self-efficacy. Databases 
searched were Medline, Cinahl, PsychINFO, Academic Search Elite, EJS E-Journals, 
Biological Abstracts, Sport Discus, Current Contents, ProQuest health databases, the 
Cochrane Library Databases, ScienceDirect, Web of Science, Australian Digital 
Theses Database (TROVE) ProQuest Dissertations and Theses. In addition 
conference proceedings were searched from 2000 – 2015 on the websites of the 
European Wound Management Association, Australian Wound Management 
Association, Wound Healing Society, Association for Advances in Wound Care, 
Canadian Association of Wound Care, European Tissue Repair Society and World 
Union of Wound Healing Societies.  
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3.2 SOCIAL COGNITIVE THEORY 
Social Cognitive Theory provides a framework that simultaneously addresses a 
core set of psychological determinants (i.e. self-efficacy, social support, perceived 
barriers, outcome expectations and self-regulatory behaviours) for a range of health 
behaviours, including physical activity. According to SCT, human behaviour is 
regulated through our cognitions or beliefs. Social cognitive theory focuses on the 
complex, dynamic relationships between the individual, health behaviours and their 
environment, where all elements interact and influence each other within reciprocal 
relationships (Nutbeam, 2004). The individual’s expectations, beliefs and level of 
self-efficacy are considered important determinants of health behaviours, but it is 
recognised that behaviours are also influenced by environmental factors, such as the 
social and political context. Therefore, a change in one component has effects on the 
others.  
 
3.2.1 Self-efficacy 
Of these core determinants, self-efficacy has been consistently identified as an 
important psychological construct in the management of various chronic diseases and 
is one of the strongest psychosocial correlates of physical activity and exercise 
(Resnick et al., 2000; Rogers et al., 2005). Self-efficacy is defined as 
 
“people’s judgements of their capabilities to organise and execute courses of 
action required to attain designated types of performances. It is concerned not with 
the skills one has but with judgements of what one can do with whatever skills one 
possesses”           
                                                                                   (Bandura, 1986b)  
 
Therefore, people’s beliefs about their capabilities are a better predictor of their 
behaviour than are their actual capabilities. People with high self-efficacy regard 
tasks as a challenge rather than a risk, setting goals for themselves and staying 
committed to them. People with low self-efficacy avoid difficult tasks; they have low 
aspirations and a weak commitment to their goals (Bandura, 1997).  
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Social cognitive theory has been widely used and tested successfully with 
health promotion interventions, including interventions for management of chronic 
disease such as multiple sclerosis and fibromyalgia (Motl, Snook, McAuley, & 
Gliottoni, 2006; Oliver & Cronan, 2005) and health promoting behaviour in older 
adults (Richeson, Croteau, Jones, & Farmer, 2006; Shields, Brawley, & Lindover, 
2006). This process of creating and using self-belief is relatively intuitive. 
Researchers have suggested that these self-beliefs may play a meditational role in 
relation to cognitive engagement and that enhancing these self-beliefs might lead to 
increased use of cognitive strategies that in turn lead to improved performance 
(Pajares, 2002). Self-efficacy has been consistently associated with physical activity, 
function and well-being (McAuley, Szabo, Gothe, & Olson, 2011). Self-efficacy has 
been demonstrated to be useful in the adoption of physical activity as there appears 
to be more opportunity to mediate behaviour through cognitive control than when 
behaviour has become more habitual (McAuley, Szabo, et al., 2011). Therefore, self-
efficacy was considered an important variable to target as a mediating mechanism for 
resistance-training behaviour change in Study 2.  
According to the theory of self-efficacy, human behaviour can be explored 
from four sources of self-efficacy: mastery experience, vicarious experience, social 
persuasion, and physiological states (Bandura, 1997). 
Mastery experiences are believed to be “the most effective source of efficacy 
information because they provide the authentic evidence of whether one can master 
whatever it takes to succeed” (Bandura, 1997 pg 80). In other words individuals 
judge their capabilities according to their own direct experiences and observable 
successes or failures during goal pursuit. Therefore, to enhance self-efficacy, it is 
necessary to provide people with some experience of success. 
When beginning an exercise program, successes may well be outweighed by 
failures by trying to do much too soon, resulting in disappointment. The setting of 
daily, challenging but realistic goals for exercises can be an effective method of 
ensuring regular successful experiences. Therefore, participants need to not only 
experience success, but interpret it as part of their own exertion. Such successes lead 
participants to create more challenges for themselves, which in turn boosts their self-
efficacy.  
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The second source of efficacy information is sometimes referred to as 
modelling or vicarious experience. That is, seeing others perform a behaviour and 
observing the consequences of their actions is assumed to increase people’s beliefs in 
their own capability to master similar tasks, with comparable results (Bandura, 
1997). Vicarious experiences are a powerful source of self-efficacy beliefs because 
they provide the observer with the strategies and techniques needed to attain desired 
goals (Wise & Trunnell, 2001). Vicarious experiences, when included as part of 
interventions, have been shown to effectively enhance health behaviour-specific self-
efficacy (Ashford, Edmunds, & French, 2010).  
It is important that the people serving as models are similar to the observers. 
Similarity includes two key aspects: characteristics such as gender, age, ethnic 
background, socio-economic status or educational level; and shared experiences 
which are relevant to the issue. For example, in Study 2 the exercise booklet had 
pictures of patients with VLUs performing the exercises while wearing their 
compression bandaging. 
For older adults who have not been exercising for a while, engaging in an 
exercise program can be a daunting activity with potential unknowns. Thus, the 
identification of other older adults successfully carrying out an exercise regimen can 
provide a boost in self-efficacy by the comparative perspective “if she can do it, so 
can I”.  
As demonstration is also a very effective strategy, Study 2 included individual 
face-to-face demonstration at baseline for all intervention group participants, where 
the researcher demonstrated each of the exercises allowing the participant time to 
practice and ask any questions they may have. 
Verbal persuasion refers to verbally telling an individual that he/she possesses 
the capability to master the given behaviour (Bandura, 1997). Although verbal 
persuasion is the most widely used technique in interventions in the health domain, it 
is also theoretically and empirically the weakest source of self-efficacy (Ashford et 
al., 2010). According to Bandura, verbal persuasion is limited in its power to create 
enduring increases in self-efficacy, maybe because it is easier to convince people that 
they are incapable of doing something and to hinder them from trying than it is to 
convince them of the opposite (Bandura, 1997). 
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Verbal persuasion is especially useful when the individual is engaging in new 
behaviour and needs feedback from someone with more experience. Verbal 
persuasion can only produce satisfying outcomes when the persuader is regarded as a 
credible source. Of critical importance are the expertise, credibility, trustworthiness, 
and prestige of the person doing the persuasion (Van der Bijl & Shortridge-Baggett, 
2001).  
Individuals rely on information from their physiological state to judge their 
abilities (Bandura, 1997). Somatic states are of particular importance in exercise 
behaviour. Especially among older adults, objective health problems, and fear of 
injury constitute important barriers to regular physical activity.  
What people believe about their illness and how they interpret their symptoms 
influence their self-efficacy to deal with the disease (Van der Bijl & Shortridge-
Baggett, 2001). Self-efficacy can be increased by improving the patients’ 
interpretations of their physical signs and symptoms. Therefore, as part of Study 2 
topics included in the telephone calls were coping skills for negative emotions, stress 
management, and problem solving to enhance self-efficacy. The benefits of exercise 
and common barriers and solutions were outlined in the exercise booklet given to the 
exercise intervention participants.  
The appropriate interpretation of physiological responses involves making the 
participant aware that changes in somatic states are often indicative of improving 
physical capabilities. For example, individuals who have been inactive for a while 
are likely to experience typical aches and pains associated with the taxing of the 
physiological system. Understanding that this is normal and reflective of the body 
adapting and becoming fitter and stronger helps the participant reinterpret these 
responses in a more positive sense thereby enhancing self-efficacy. It has been 
suggested that older adults might misinterpret symptoms and somatic states as a sign 
of their incapacity to perform a new task (Warner, Schüz, Knittle, Ziegelmann, & 
Wurm, 2011). Therefore, it is recommend to educate older adults about initial 
physical symptoms that can accompany physical exercise (e.g. breathlessness, 
muscle aches, and feelings of unease) and to provide them with more accurate 
interpretations, such as insufficient aerobic fitness or muscle strength that will 
improve as exercise becomes more routine (Warner et al., 2011). 
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Most studies that use SCT as a framework suggest that the indirect effect of 
self-efficacy on physical activity is through three constructs: 1) perceived barriers 
(Rovniak, Anderson, Winett, & Stephens, 2002) 2); self-regulatory behaviour 
(Dishman et al., 2005); and 3) outcome expectations (Petosa, Suminski, & Hortz, 
2003) which will be explored in the following section.  
 
3.2.2  Perceived barriers 
Perceived barriers include both environmental and personal barriers to physical 
activity (Bandura, 1997). Environmental barriers are those that are oftentimes 
beyond a person’s direct control (e.g. weather, lack of transportation) (Salmon, 
Owen, Crawford, Bauman, & Sallis, 2003). Personal barriers on the other hand, are 
internal and include barriers such as being too tired or having health issues 
(McSweeney & Coon, 2004). Both environmental and personal barriers are 
negatively related to the amount of physical activity in which individuals engage 
(McSweeney & Coon, 2004; Salmon et al., 2003). Although the impediments that 
individuals identify may not actually be barriers per se, these perceptions can 
nonetheless strongly influence behaviour (Bandura, 1997).  
In designing an intervention participants’ needs and expectations must be 
acknowledged; these may vary by gender, ethnicity, socioeconomic status and health 
condition. These expectations may be discovered through interviews or focus groups 
(Chao et al., 2000). 
 
3.2.3 Self-regulatory behaviours 
Self-regulatory behaviours are also important in engaging in physical activity 
(Anderson, Wojcik, Winett, & Williams, 2006; Ziegelmann, Lippke, & Schwarzer, 
2006). According to Bandura (2005) individuals are always presiding over their 
behaviour. In other words, regardless of social or environmental motivators, 
individuals are not likely to engage or maintain behaviours without developing the 
self-regulatory behaviours necessary to control their own motivation and behaviour 
(Bandura, 2005). Three processes have been outlined to be the foundation of self-
regulatory behaviour: 1) setting goals; 2) enacting these goals; 3) creating 
maintenance strategies to sustain behaviour (Maes & Karoly, 2005). These processes 
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can also be conceptualised as goal setting and planning (Rovniak et al., 2002), both 
of which are strongly associated with physical activity (Levetan et al., 2005; 
Sniehotta et al., 2005). Goals serve as powerful motivators, but individuals must set 
appropriate goals that adhere to the SMART principles (i.e. specific, measurable, 
action oriented, realistic and timely) to enhance effectiveness. Goals should be set 
within a specific timeframe that can serve as a checkpoint to evaluate progress and 
set new goals. However, within the literature a limited focus has been applied to goal 
setting and self-monitoring. 
Maintaining a health regimen on a long-term basis is difficult (Sandra van et 
al., 2007). Successful adherence often requires one to self-regulate one’s behaviour 
by overriding a well-established response (e.g., watching TV) and replacing it with a 
less common but more desirable response (e.g., going for a walk) (Baumeister & 
Vohs, 2012). There have been two approaches to examining self-regulatory 
processes related to behaviour change. The most common method in the social/health 
psychology literature is to assess self-reported goal setting and intentions (McAuley, 
Mullen, et al., 2011). Bandura proposed that SCT integrates both cognitive and 
motivational elements of self-regulated behaviour (Bandura, 1997). Self-regulatory 
strategies such as planning, scheduling, and self-monitoring, operating within the 
SCT framework, (Bandura, 1986a) may have both direct and indirect effects on 
health behaviour (McAuley, Mullen, et al., 2011) given that adherence to structured 
exercise programs is consistently associated with higher exercise related self-efficacy 
(Conn, 1998; Fuchs, Seelig, Göhner, Burton, & Brown, 2012; Petosa et al., 2003; 
Resnick et al., 2000). 
 
3.2.4 Outcome expectations 
Outcome expectations refer to the expected results of performing a specific 
behaviour. Bandura (1997) suggests that when outcomes depend greatly upon 
performance, people tend to judge the expected outcomes in terms of how well they 
feel they can perform the task. In cases such as this, outcome expectancies tend to 
partially mediate the relation between self-efficacy and behaviour (Bandura, 1997). 
In general this holds true for health-related behaviours such as weight management 
(Karl et al., 2014) and exercise (Anderson et al., 2006; Resnick, 2001a).  
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These outcome expectations can take the form of physical, social or self-
evaluative effects. People are motivated to perform behaviours they believe will 
produce desired outcomes. According to Bandura (1997), an individual’s motivation 
to engage in a specific behaviour is partially based on the outcomes they expect as a 
consequence of performing or not performing that behaviour. For example, if an 
individual does not know or understand the potential positive outcomes of resistance 
training for someone who has a venous leg ulcer, he/she may be less inclined to 
engage in that behaviour although he/she may feel capable of performing the training 
behaviour. A review illustrated that research on outcome expectations in exercise is 
limited and has suggested in relation to older adults outcome expectations are 
considered as important, if not more so, than self-efficacy (Williams et al., 2005). In 
the context of Study 2, it is expected that if a patient believes that performing 
exercises will help to heal their wounds or provide better functional outcomes, they 
will therefore be more motivated and inclined to participate in and adhere to an 
exercise program.  
Outcome expectations have been associated with physical activity, however 
with less consistency than self-efficacy. Associations between self-efficacy and 
outcome expectations have been shown to be stronger among older adults than 
among young to middle-aged adults (Williams et al., 2005). Although both self-
efficacy and outcome expectations play a role in motivating health behaviours, 
(Bandura, 1998) outcome expectations are particularly important in forming an 
intention to adopt a new behaviour (Bandura, 1997). Regarding the older adult 
population, empirical studies have shown that outcome expectations have an 
important influence on older people’s exercise behaviour (Conn, 1998; Jette et al., 
1998; Resnick & Spellbring, 2000). A significant relationship between exercise 
outcome expectations and exercise behaviour has been found in different cross-
sectional studies (Conn, 1998; Schneider, 1997). Several studies further reported that 
outcome expectations were better predictors of exercise behaviour than self-efficacy 
(Jette et al., 1998; Resnick, 1998). 
 
3.2.5 Social support 
Social support is another important construct in the use of SCT (Bandura, 
1997). Bandura (1997) suggests that the social support acts on physical activity 
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primarily though self-efficacy. Specifically, increased levels of social support tend to 
lead to higher levels of self-efficacy, which, in turn, lead to increased levels of 
physical activity. It has been found that family support was indirectly related to 
physical activity through self-efficacy and self-regulatory behaviours (Anderson et 
al., 2006). Likewise, that social support was indirectly related to physical activity 
through self-efficacy (Rovniak et al., 2002).  
 
3.2.6 Conceptual framework 
Much of the contemporary research on active living behaviour among older 
adults is guided by SCT. Social cognitive theory identifies the main determinants of 
health behaviours as self-efficacy, physical status, and environmental Bandura 
(1998) contends that people are often told more than they want to hear about 
unhealthy habits, and they may or may not have knowledge about how their lifestyle 
influences their health. However, understanding of the factors influencing a person’s 
own behaviour is needed to overcome the impediments to adopting new lifestyle 
habits (Bandura, 1998). 
Exercise has been suggested as a way to help older adults maintain functional 
performance, emotional health and quality of life (Resnick, 2000). Therefore, the 
conceptual framework which underpinned the intervention in Study 2 is shown in 
Figure 3.1. This has been modified from a previously published version (Shortridge-
Baggett & Van Der Bijl, 1996). The conceptual framework explores the relationships 
between the factors that mediate a person to change their behaviour (i.e. self-
efficacy, outcome expectations, fear avoidance belief) and their commitment to an 
exercise program (adherence) in relation to the primary clinical outcome. 
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Figure 3-1. Social Cognitive Model to describe theoretical relationships 
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3.2.7 Other theoretical models applied to health behaviour change 
Many factors influence a person to adopt and/or maintain healthy behaviour 
and a number of theories aim at explaining and changing health behaviour are 
examined. Some theories place less emphasis on the social or environmental aspects 
of health behaviours, which may be less useful in guiding this research, which aims 
to promote physical activity management for patients with VLUs. There are a variety 
of other models that have been developed to explain and facilitate health behaviour 
such as the theory of planned behaviour, the transtheoretical model, and the Health 
Action Process Approach. The following outlines the key elements of each of these 
models. 
The Theory of Reasoned Action was originally developed to predict volitional 
behaviours (Fishbein, 1975). According to the model, an individual’s intention to 
carry out certain behaviour is a function of their attitude towards it and their beliefs 
about what they should do. The theory was then extended into the Theory of Planned 
Behaviour (Ajzen & Madden, 1986) by adding a third determinant of intention to 
explain more difficult behaviours, such as smoking cessation. This was ‘perceived 
behavioural control’ which referred to the perceived ease or difficulty of performing 
a behaviour. Perceived behavioural control was assumed to reflect past experience as 
well as anticipated obstacles. The model predicted that a person would start an 
exercise program if they had a positive attitude toward exercise, thought that others 
whom they valued believed that they should exercise, and perceived that they had 
control over whether or not they exercised.  
Bandura (2004) claimed that there was a great deal of similarity between this 
model and his own. For example, he claimed that perceived behavioural control 
overlapped with self-efficacy. He also argued that attitudes toward behaviour in this 
context actually reflected outcome expectations, that subjective norms are actually 
expected social outcomes, and intentions are actually proximal goals. After perceived 
self-efficacy and self-evaluative reactions to one’s health behaviour are taken into 
account, he said, neither perceived behavioural control nor intentions provide any 
further predictive value.  
The trans-theoretical model (TTM) helps explain the stages that most people 
experience as they try to change their behaviour over time. It was initially applied to 
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smoking cessation (Prochaska & DiClemente, 1982). This has been a popular model, 
and has often been used in conjunction with self-efficacy or other change models. 
The stage construct is important, in part, because it represents a temporal dimension. 
The TTM posits change as a process that unfolds over time, with progress through a 
series of six stages, although frequently not in a linear manner. Precontemplation is 
the stage in which people do not intend to take action in the near term, usually 
measured as the next six months. In contemplation, people intend to change their 
behaviours in the next six months. In preparation, people intend to take action soon, 
usually measured as the next month. People in the action stage have made specific, 
overt modifications in their lifestyles within the past six months. Maintenance is the 
stage in which people have made specific, overt modifications in their lifestyles and 
are working to prevent relapse, but they do not apply change processes as frequently 
as people in action. People in the termination stage have zero temptation and 100 
percent self-efficacy (Prochaska & DiClemente, 1982). 
For the majority of people, they do not progress in a linear manner – they 
relapse and return to the pre-contemplation or contemplation stages before eventually 
succeeding at maintaining change. Relapse is considered a natural part of the change 
cycle. It has also been postulated that a stage of change is actually a variable rather 
than a theory. However, a key value this model is that it alerts program planners to 
the fact that not all people are ready for change, and that they change at differing 
rates.  
The Health Action Process Approach (HAPA) (Schwarzer, 1998) argues that 
health behaviour change requires two separate processes: motivation (developed 
partly on the basis of self-belief) and volition (which might involve planning, 
initiation, maintenance and managing relapses). Schwarzer (1998) maintained that 
self-efficacy operates in tandem with outcome expectancies and perceived risk in 
bringing about the motivation to change, but that self-efficacy is equally important in 
the volition phase. He made the point that perception of risk is, by itself, a poor 
predictor of behaviour change. Knowing that they are putting their health at risk is no 
guarantee that people will make the necessary lifestyle changes. Like Bandura, 
Schwarzer acknowledged that self-regulation underlies both the adoption and 
maintenance of health behaviours (Schwarzer, 1998).  
71
Debate continues regarding the degree to which these models overlap. While 
models based on the assumption that behaviour is logical and rational will invariably 
encounter difficulties, at this stage they provide a useful framework for the 
development of health interventions. A key issue for researchers, however, is that 
most models focus on predicting health habits rather than on changing them. The 
advantage of Bandura’s Social Cognitive Theory is that it offers both predictors and 
principles on how to inform, enable, guide and motivate a person to adopt healthy 
behaviours and reduce unhealthy ones which is imperative in Study 2. 
For two decades till now, there has been growing interest in fostering the 
means by which individuals with long-term conditions can participate effectively in 
managing their conditions (Lorig, Sobel, Ritter, Laurent, & Hobbs, 2001). Self-
management programs are distinct from simple patient education or skills training, in 
that they are designed to encourage people with chronic diseases to take an active 
part in the management of their own condition (Foster, Taylor, Eldridge, Ramsay, & 
Griffiths, 2007). 
 
3.3 EXERCISE AND CHRONIC DISEASE 
Chronic disease is the principle cause of disability, the major reason for 
seeking health care, and accounts for 70% of all health care expenditure (Hoffman, 
Rice, & Sung, 1996). Although the ageing population has contributed to these 
increases, the prevalence of chronic disease has risen in almost every age group 
(Lorig, Ritter, et al., 2001). There have been major advances in the medical and 
surgical care of chronic disease, but little has been done to enable patients to manage 
chronic diseases in the long term. Patients must cope with discomfort and disability, 
and follow treatment (Lorig, Ritter, et al., 2001). With the emergence of chronic 
disease as the largest threat to health status and the largest cause of health 
expenditures, the potential role of patient self-management assumes increased 
importance (Lorig et al., 1999). Chronic disease management is a major challenge for 
our healthcare system. The Australian Institute of Health and Welfare (AIWH) 
reported in 2006 that 77% of Australians have more than one chronic health 
condition with those over the age of 65 having five or more chronic conditions 
(Australian Institute of Health and Welfare (AIHW) 2006). 
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Regular physical activity is a major component in preventing the growing 
global burden of chronic disease (World Health Organization., 2006). The benefits of 
regular physical activity in older adults are extensive as it reduces the risk of 
cardiovascular disease, thromboembolic stroke, hypertension, type 2 diabetes, 
osteoporosis, obesity, colon cancer, breast cancer, anxiety and depression (Cress et 
al., 2006). Of particular importance to older adults, there is substantial evidence that 
physical activity reduces the risk of falls and injuries from falls, prevents or mitigates 
functional limitations and is effective therapy for many chronic diseases (Nelson, 
2007).  
A healthy old age is dependent on maintaining one’s functional status 
(Burbank, Reibe, Padula, & Nigg, 2002). There is a growing body of evidence that 
regular physical activity can improve functional ability of older adults (Fahlman, 
Topp, McNevin, Morgan, & Boardley, 2007). The loss of muscle mass, decreased 
flexibility and range of motion contribute to functional decline which is often 
thought of as concomitant of ageing, however this is an erroneous belief (Burbank et 
al., 2002). It is never too late to start exercising; as older adults adapt to exercise in a 
manner similar to younger individuals (ACSM, 1998; Burbank et al., 2002). Even as 
people age they can improve their strength, cardiorespiratory fitness, and their ability 
to live independently (ACSM, 1998; McDermott & Mernitz, 2006). The 2009 
Position Stand of the American College of Sports Medicine is simple; all adults 
should avoid inactivity, and that some physical activity is better than none (Chodzko-
Zajko et al., 2009). 
The 2003 Australian Burden of Disease Study indicated that physical inactivity 
was the fourth leading cause of burden of disease in Australia. It was estimated that 
physical inactivity was responsible for approximately 7% of the total burden of 
disease and injury for all Australians (Begg, Vos, Barker, Stanley, & Lopez, 2008). 
In Australia, 46% of adults aged 60 to 75 years are inactive and about one third of 
these are completely sedentary. Only 40% of people in this age group indicate that 
they have “any intention to be more physically active” (Bauman, Bellew, Vita, 
Brown, & Owen, 2002).  
Physical activity interventions may be a cost-effective approach to improving 
exercise patterns in patients with VLUs and may be a useful adjunct to traditional or 
alternative models of wound care. Given the substantial evidence for the benefits of 
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physical activity, and the fact that many patients with VLUs are not sufficiently 
active compared to age-matched controls (Heinen, Van Der Vleuten, et al., 2007; 
Roaldsen, Rollman, Torebark, Olsson, & Stanghelle, 2006), it is in the interest of 
public health that interventions to increase physical activity among those living with 
venous ulceration are developed and evaluated.  
There are a number of different interventions that have been investigated in the 
promotion of physical activity for those living with a chronic disease. The 
components of these interventions have included pedometer use and/or step or 
physical activity recording, behavioural counselling and/or goal setting. Interventions 
have differed considerably in duration and use of strategies, and have been delivered 
in a variety of ways, for example, face-to-face or via telephone. Intervention studies 
based on SCT have mostly focused on self-efficacy as a mediator for increasing 
physical activity behaviour. However, other constructs from social cognitive theory 
have been investigated, for example outcome expectations (Resnick, 2001a). These 
two constructs of SCT were explored in Section 3.2.  
Although physical activity is a complex behaviour with multiple determinants 
and pathways to change (Sherwood et al., 2008), a common thread is that well-
structured programs have been successful in increasing physical activity among 
community dwelling older adults (Brawley, Rejeski, & King, 2003). However, many 
patients feel they do not benefit from exercise prescription because they feel they 
receive vague or inappropriate instructions (McDermott & Mernitz, 2006).  
Changes in physical activity require multiple motivational strategies, including 
exercise instruction as well as goal-setting, self-monitoring and problem solving 
(McDermott & Mernitz, 2006). In order to promote behaviour change in a specific 
group it is necessary to understand relevant factors that can influence behaviour 
change (Heinen, Evers, et al., 2007). Individual and environmental determinants 
include knowledge and beliefs about the relationship between the behaviour and 
health outcomes, motivation for behaviour change and self-efficacy to perform the 
activity, social support and accessibility of health care systems or health care aids 
(Heinen, Evers, et al., 2007). 
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3.3.1 Barriers to exercise / physical activity 
Despite the recognised benefits of regular physical activity on overall health 
and well-being, older adults are the most inactive segment of the Australian and US 
populations (Schutzer & Graves, 2004). Most adults know that regular physical 
activity is an important component of a healthy lifestyle. However, simply knowing 
about the importance of physical activity is seldom sufficient to motivate a sedentary 
individual to initiate and maintain physical activity on a regular basis.  
Qualitative studies have demonstrated that of utmost concern to patients with 
VLUs are their ability to walk, accomplish everyday tasks, and maintain mobility 
(Chase, Melloni, & Savage, 1997; Phillips, Stanton, Provan, & Lew, 1994). Limited 
knowledge and incorrect beliefs about the relationship between physical activity and 
leg ulceration, low self-efficacy for increasing physical activity, multi-morbidity, 
pain and a lack of social support and professional support were identified as 
determinants of physical activity (Heinen, Evers, et al., 2007). Similarly, lack of 
social support and low self-esteem have been identified as important barriers to 
regular physical activity (Orsega-Smith, Payne, Mowen, Ching-Hua, & Godbey, 
2007). 
Older people often report health problems as the main barrier to exercise 
(Schutzer & Graves, 2004). This is largely due to chronic conditions associated with 
age, most notably physical disability and pain (Clark, 1999; Hays & Clark, 1999). 
Older adults also report barriers that are more perceptual in nature including a lack of 
time, motivation, misconceptions about physical activity, fear of injury, and a lack of 
skill (Brawley et al., 2003). 
Researchers in Australia have reported that adults less than 60 years of age 
cited time and motivation as their primary barriers, while those aged 60 and over 
reported injury and poor health most commonly (Booth, Bauman, Owen, & Gore, 
1997). A qualitative study that used focus group methodology to examine barriers 
differentially for active and inactive older adults aged 65 and over  reported that fear 
of falling, lack of motivation and negative affect were the most common barriers for 
the inactive adults (Lees, Clark, Nigg, & Newman, 2005). Whilst for the active 
group, lack of motivation, time constraints, and physical ailments were most 
commonly reported (Lees et al., 2005).  
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Much is also known about motivators of physical activity. Motivators that 
appear most salient for older adults include physician advocacy, peer support, class 
instruction, and having an organised program (Cohen-Mansfield, Marx, & Guralnik, 
2003). Evidence also suggests that programs that are more moderate in intensity, 
simple and convenient to engage in may appeal more to older adults (King, 2001b).  
 
3.3.2 Guidelines for exercise and older adults 
The Australian Wound Management Association (Australian Wound 
Management Association (AWMA), 2011) and the Scottish Intercollegiate National 
Guidelines (Scottish Intercollegiate Guidelines Network, 2010) both recommend 
exercise for adults with VLUs, however the guidelines do not include specific 
exercises as there is no strong evidence. 
The National Physical Activity Guidelines for adults in Australia recommends 
at least 30 minutes of moderate-intensity physical activity (including brisk walking) 
on most days of the week, with each session lasting at least 10 minutes. This is 
generally interpreted as 30 minutes on at least five days of the week, a total of at 
least 150 minutes of moderate activity per week (Australian Institute of Health and 
Welfare (AIHW) 2006). The guidelines stress that if older adults cannot do 150 
minutes of moderate-intensity aerobic activity per week because of chronic 
conditions, they should be as physically active as their abilities and conditions allow. 
Walking is one of the most advocated and beneficial forms of leisure time activity. It 
is accessible and safe for most sedentary persons (Marshall et al., 2009). 
An exercise prescription should include the following components: Frequency, 
Intensity, Type, Time and Progression (FITT-PRO) (McDermott & Mernitz, 2006). 
There is a growing body of evidence supporting the prescription of exercise and 
physical activity for older adults with chronic diseases and disabilities (Chodzko-
Zajko et al., 2009). Ideally, exercise prescription for older adults should include 
aerobic exercise, muscle strengthening exercises, and flexibility exercises. In 
addition, individuals who are at risk for falling or mobility impairment should also 
perform specific exercises to improve balance (Chodzko-Zajko et al., 2009). 
Previous studies have applied SCT to evaluate and increase physical activity in 
other populations, but theoretical frameworks have not been consistently applied to 
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study mechanisms of exercise adherence in patients with VLUs. Furthermore, most 
studies have been limited to exploring the effect of self-efficacy on adherence.  
For the majority of patients with VLUs exercise is a new behaviour. Therefore 
in order for participants to adhere to the proposed intervention, a systematic approach 
to behaviour change should enhance adherence and thus treatment effectiveness. One 
of the theories most widely used to understand and influence human behaviour is 
SCT. Adherence to an exercise program will be viewed as a health behaviour. 
Therefore strategies will be based from the theory relating to the health behaviour.  
Adherence with treatment is an important factor which can influence the 
outcome of that treatment. Adherence has been defined as “the extent to which a 
person’s behaviour …corresponds with agreed recommendations from a healthcare 
provider” (World Health Organization., 2009). A common downfall for many 
exercise interventions is that exercise adherence is not reported as a primary or 
secondary outcome. Therefore, assessing adherence has been included in the work 
reported in this thesis (See Section 5.2.7) as this can then assist in the accurate 
interpretation of the overall impact of a program.  
 
3.4 SUMMARY  
Chapter 3 has described in detail Social Cognitive Theory as the theoretical 
framework for this research and a conceptual framework for the study which 
includes the concept of adherence. Social Cognitive Theory has been chosen as the 
theoretical framework for this research as it explains and predicts behaviour change 
successfully in older adults. This chapter has also explored the theory of the benefits 
of exercise along with the motivators and barriers for older adults with chronic 
disease in relation to beginning or maintaining exercise in their lives. This is a topic 
that reaches a wide audience and is clearly of growing concern with an ageing 
population with rising co-morbidities.  
In order to understand the significance of the various concepts within SCT a 
qualitative study was undertaken to gain from the participant’s perspective the 
meaning of exercise to them in relation to barriers, self-management techniques, 
social support, and individual determinant. SCT posits that there is a triadic 
relationship between person, environment and behaviour, therefore, a more thorough 
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understanding of the psychological and social determinants of engaging in an 
exercise program for patients with VLUs is important so that interventions (Study 2) 
can maximise the likelihood of success. Chapter 4 describes the methods, results, and 
discussion answering the research question from Study 1. Chapter 5 describes the 
methodology for Study 2 while Chapter 6 presents the results for Study 2.  
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Chapter 4: Perspectives about exercise from 
adults with venous leg ulcers: 
an explorative study 
4.1 INTRODUCTION 
The review of the literature on VLUs and exercise found that there was limited 
information on how people with VLUs feel about exercise, despite it being 
recommended for this population. The ageing of the Australian population is the 
most significant demographic change occurring now and into the next century. The 
prevalence of venous leg ulceration increases with age and therefore as the 
Australian population ages the number of people with leg ulcers will undoubtedly 
increase. In addition there are considerable inactivity levels in the general population 
and for older adults with chronic disease. Of primary concern is the scarcity of 
guidelines on exercise that are evidence based for people with chronic disease and 
specifically chronic venous ulceration.  
The focus of Study 1 was therefore explorative in nature to gain an insight into 
the meaning of exercise for adults with VLUs. An expected outcome of this study 
was that understanding the beliefs and barriers to exercise for people experiencing 
venous leg ulceration would help inform an exercise intervention to best meet these 
participants’ needs. Therefore the study will provide information for guidelines for 
patients for exercise as an adjunct therapy. 
This chapter describes the methods, results and discussion of findings from the 
qualitative study to determine the perspectives about exercise from adults with 
VLUs. The aims, results, and discussion of findings are primarily reported in the 
published article ‘Perspectives about exercise from adults with venous leg ulcers: an 
explorative study’, Journal of Wound Care, Vol. 23(10), pp. 496-509 which is 
reproduced at the end of this chapter. 
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4.2 METHOD 
4.2.1 Design 
A descriptive exploratory study using semi-structured group discussions and 
interviews was used to gain the perspectives about exercise from adults with VLUs 
and to discover what format appeals to these patients, thereby helping to inform the 
exercise intervention in Study 2. 
 
4.2.2 Research question 
The research question for Study 1 (Section 1.4) asked:  
1. What are the perspectives about exercise from adults with venous leg ulcers? 
 
4.2.3 Rationale  
The key to health education and intervention implementation is to use a 
“bottom up” approach based on patients’ wants and needs, instead of a “top down” 
approach designed on the basis of what researchers believe patients need and want, 
therefore recognising the limitations of expert knowledge and the strength of the 
patient’s experience (Westfall, Van Vorst, Main, & Herbert, 2006). There is a 
paucity of research in this area. The previous work by the PhD Candidate in her 
Master’s study was the first to obtain a clinically significant improvement in healing 
following an exercise intervention. However, in order to be able to deliver the most 
appropriate exercise intervention there is an urgent need to understand the barriers 
faced by those with VLUs. This highlighted the need for an initial exploratory study 
as outlined in the article contained in this chapter. Qualitative methods using focus 
group discussions and interviews are useful tools when the researcher does not have 
an in-depth knowledge of the participants and wants to explore their perspective and 
experiences to direct and guide development of an intervention (Greenbaum, 2000; 
Liamputtong, 2005). 
 
4.2.4 Sample 
A convenience sample of patients from Queensland, Australia, with VLUs 
from Queensland University of Technology’s (QUT) Wound Healing Community 
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Outreach Service was approached to generate data (Green, 2004). The Nurse 
Practitioner (NP) in charge of the clinic identified potential participants based on the 
following inclusion / exclusion criteria: 
Inclusion criteria: 
• Participants who attended the Wound Healing Community Outreach 
Services located at Queensland University Health Clinics 
• Had a mixed venous/arterial or venous leg ulcer (ABPI 0.5 – 1.3) 
• Spoke English 
• Were able to attend a discussion group 
Exclusion criteria:        
• Participants with a cognitive disorder 
 
4.2.5 Settings and procedures  
Participants were recruited from QUT’s Wound Healing Community Outreach 
Service. Participants were identified by the NP on a weekly basis and were provided 
an information sheet and informed consent form (See Appendix A).  
Participants, after expressing an interest in the study, were given further 
information regarding the focus group and were provided the opportunity to have any 
questions answered by the NP. The NP offered one of three appointments for the 
participants to choose based on their preference and booked them in accordingly. 
Participants were then required to sign the informed consent sheet and returned it to 
the researcher prior to their focus group session or interview which was conducted by 
the PhD Candidate. 
Following informed consent from participants, all of these interviews were 
audio-taped and simultaneously recorded by a data recorder, experienced in court 
data recording. The interviews lasted for approximately 30 minutes to 90 minutes. A 
word document of the discussion was sent to the researcher within one week 
following each discussion.  
The semi-structured focus groups and interviews were conducted using the 
same interview guide to direct discussions (Millward, 2006). Discussions elicited 
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patient’s beliefs in relation to exercise / physical activity and helped to inform the 
intervention in Study 2.  
Both of these methods allow participation from the individuals involved and 
explanation of the question guide to provide insight into the sources of behaviours 
and motivations of patients with VLUs. These methods are appropriate to use in 
areas of limited research (Morgan, 2004) and have become increasingly popular in 
health research as they produce rich, comprehensive, credible valid information 
(Polit, 2010). A limitation of these methods is that self-report data is collected. Self-
report data reflect what participants say not necessarily do (Polit, 2010). 
Typically, focus group interviews involve a group of people 6-10 who come 
from similar experiences or concerns (such as venous leg ulceration) to discuss an 
issue with the help of a moderator in a comfortable setting (Liamputtong, 2005). 
During focused group discussions there is a greater breadth of data collection where 
people are encouraged to explore and clarify their points of view (Morgan, 2004). To 
allow for higher involvement from participants and, therefore, gain a more in-depth 
understanding of influences on exercise behaviour, focus groups of approximately 3- 
4 participants per group were initially sought. However, smaller sized focus groups 
were conducted in cases where participants did not attend a scheduled group 
interview session. 
Interviews were also utilised when patients were unable to attend scheduled 
focus groups but still wanted to participate. Focused interviews have been found to 
generate more data per participant than group discussions, perhaps because the 
participant is more willing to share their story or the researcher is able to probe 
further (Greenbaum, 2000). Data collected by focus groups and interviews were 
similar as the same questions were asked and the two methods of data collection 
therefore complimented each other.     
 
4.2.6 Interview guide 
Semi-structured questions for the group discussions and interviews were 
guided by an extensive review of the literature, the researcher’s past experience and 
the constructs of Social Cognitive Theory. There were three main areas that were 
targeted through the discussions: participants’ self-efficacy, social support and self-
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management. Questions logically progressed from general to specific but allowed for 
flexibility, clarification and probing (Côté-Arsenault & Morrison-Beedy, 1999). The 
first question posed to the group was simple and neutral allowing the participants to 
feel comfortable and get to know the other people (Côté-Arsenault & Morrison-
Beedy, 1999). A copy of the interview guide is available in the published paper in 
Table 2. 
 
4.2.7 Ethical considerations 
Ethical approval was obtained from the Queensland University of Technology 
Human Research Ethics Committee prior to the recruitment of participants. Ethics 
approval number 1100001290.  
The participants in this group were able to give informed consent and had the 
ability to voluntarily withdraw if they desired. There was minimal risk that being 
involved in an interview or group discussion on exercise would cause emotional 
distress. Prior to participating in a discussion, participant confidentiality and 
anonymity was assured and written consent obtained. Participants were informed that 
if they experienced any emotional distress they could access the QUT counselling 
service. 
 
4.2.8 Data analysis 
Content analysis as a research method is a systematic and objective means of 
describing phenomena (Elo & Kyngäs, 2008). It allows the researcher to test 
theoretical issues to enhance the understanding of the data. Content analysis has an 
established position in nursing research and offers researchers several benefits; one 
of these is that it is a content-sensitive method (Krippendorff, 1980), and another is 
its flexibility in terms of research design (Krippendorff, 1980). In this study it was 
the content which was of interest, therefore content analysis, was considered an 
appropriate method for analysing the interviews, supplemented by quotations from 
the interviews which were used to illustrate conclusions (Millward, 2006). 
Transcribed data were received by e-mail from the court reporter within one 
week of the interview. All transcripts were read and then imported into Nvivo 9 
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(QSR) a software package designed to manage documents and facilitate qualitative 
analysis. Nvivio can enhance the rigor in the analysis process, for example by 
ensuring a more complete set of data interpretation than often occurs when working 
manually.  
The textual data were read and re-read, and organised into categories by the 
researcher, in accordance with Burnard’s staged thematic content analysis methods 
(Burnard, 1991). Key words or phrases in each transcript were categorised by 
content, a process that generated many units of meaning, or codes (Graneheim & 
Lundman, 2004). As the researcher continued textual analysis and coding of the 
transcripts, the inter-relatedness of specific codes became clear, giving rise to the 
emergence of themes. The researcher and an experienced qualitative researcher 
analysed the transcripts separately and discussed any differences until consensus was 
reached regarding themes and categories. Thereby, trustworthiness of the data was 
ensured with an explicit description of the research process through an audit trail 
available.  
 
4.3 RESULTS AND DISCUSSION 
An article has been published from this study – ‘Perspectives about exercise 
from adults with venous leg ulcers: an explorative study’, Journal of Wound Care, 
Vol. 23(10), pp. 496-509. As this article discusses the results and implication of the 
findings a copy of the published version is provided in the following section.
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4.4 CONCLUSION 
The results discussed in Chapter 4 are from the Study 1, an explorative exercise 
to understand the perspectives of adults with VLUs in relation to exercise and 
physical activity. This study provided valuable insight into the barriers and the 
factors that enable adults with VLUs to exercise. Study 1 was used to inform the self-
management intervention design for Study 2; a randomised controlled trial of 
patients who were followed up for 12 weeks after randomisation to an intervention or 
usual care. Specifically, the following features were taken from Study 1 findings and 
built into Study 2: 
i. An education component was included in the first telephone coaching 
session. It was important to assess participants’ understanding of the 
benefits of exercise and the relevance of venous return for promoting 
healing rates whilst experiencing open venous leg ulceration in order to 
guide the level of education required for individual participants 
ii. Fear surrounding exercise was described as a concern for adults with 
VLUs, therefore a measure to score fear-avoidance beliefs was built 
into the measures of Study 2 and incorporated into the telephone 
protocol  
iii. Discussion of barriers in relation to exercise were discussed at each 
phone session and strategies for overcoming obstacles were initiated 
through conversation and relapse prevention education was also a 
component of the telephone intervention coaching calls 
iv. Participants who were randomised to the intervention group received 
clear consistent guidelines from health professionals in relation to the 
safety of performing exercise whilst experiencing venous leg ulceration 
The methods for Study 2 are described in Chapter 5 and the results and 
discussion from the randomised controlled trial are discussed in Chapter 6. 
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Chapter 5: Methodology for Study 2 
5.1 INTRODUCTION 
This chapter describes the protocol developed for the randomised, controlled 
trial (RCT) in Study 2. The purpose of this study was to obtain evidence on the 
effectiveness of an intervention to improve the healing of VLUs, a significant cause 
of chronic ill-health for older adults. Specifically, the project aimed to determine the 
effectiveness of a Venous Leg Ulcer and Exercise Program (VaLUE) on improving 
healing outcomes, physical activity, functional ability and health-related quality of 
life in patients with VLUs. This chapter therefore describes the design, rationale, 
research questions, hypotheses, sample and measures in Study 2. The procedures are 
reported in the article ‘Testing the effectiveness of a self-efficacy based exercise 
intervention for adults with venous leg ulcers: protocol of a randomised controlled 
trial’, which is reproduced in this chapter.  
The randomised, controlled trial (Study 2) described in this chapter is an 
effectiveness study which can also be referred to as a pragmatic study. These types of 
studies examine interventions under circumstances that more closely approach real-
world practice, with more heterogeneous patient populations, less standardised 
treatment protocols and delivery in routine clinical settings. Effectiveness studies 
tend to use a RCT design; however, the intervention is more often compared with 
usual care, rather than a placebo (Singal, Higgins, & Waljee, 2014) as is the case in 
Study 2. In human trials, a per protocol analysis (i.e. analysis of only the intervention 
participants who adhered to the intervention protocol) is often used as a pragmatic 
way of obtaining results from use of the intervention (Singal et al., 2014), therefore a 
per protocol or ‘adherers only’ analysis supplements the primary outcomes. 
 
5.2 METHOD 
5.2.1 Design 
A randomised, controlled trial of a home-based exercise self-management 
program was implemented where participants were followed up for 12 weeks and 
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groups (intervention versus usual care) were compared over time. The design was 
guided by the research questions and hypotheses listed below.  
5.2.2 Rationale 
Randomised, controlled trials (RCTs) are considered the most powerful design 
for evaluating health care treatment effectiveness since they use a systematic 
methodology that allows comparisons between groups (Armijo-Olivo, Warren, & 
Magee, 2009). Random assignment has been successfully used ensuring homogenous 
groups (Roberts & DiCenso, 1999) and reducing bias (e.g. clinician or participant not 
choosing group allocation). This is accomplished because randomisation tends to 
distribute individual differences equally across the groups so that the groups only 
systematically differ in the way they have been treated.  
5.2.3 Research questions 
The primary research questions (1a – 6a) were derived to assess the 
effectiveness of the intervention on 6 selected outcomes. For each of these a 
secondary question (1b – 6b) was developed to explore what other factors may have 
may have influenced that outcome. The research questions are presented below. 
5.2.3.1 Primary research questions 
• 1a Was there a significant difference in healing rates between the
intervention and usual care group at twelve weeks?
• 2a Was there a significant difference in self-reported physical activity
between the intervention group and usual care group at week 12?
• 3a Was there a significant difference in baseline Tinetti gait and balance
scores and week 12 scores between the intervention and the usual care
group
• 4a Was there a significant difference in baseline and week 12 range of
ankle motion scores between the intervention and the usual care group?
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• 5a Was there a difference in health-related quality of life physical
component summary (PCS) between the intervention group and the usual
care group at twelve weeks?
• 6a Was there a significant difference in the health-related quality of life
mental component summary (MCS) between the intervention group and
the usual care group at week 12?
5.2.3.2 Secondary research questions 
• 1b What other factors predicted whether a wound would heal by 12 weeks
in this sample?
• 2b What other factors predicted self-reported physical activity by 12
weeks in this sample?
• 3b What other factors predicted the Tinetti gait and balance measure by
12 weeks in this sample?
• 4b What other factors predicted the range of ankle motion measure by 12
weeks in this sample?
• 5b What other factors contributed to the physical health-related quality of
life at week 12 in this sample?
• 6b What other factors contributed to the mental health-related quality of
life at week 12 in this sample?
5.2.4 Hypotheses 
A hypothesis was formulated for each of the primary research questions. 
• 1a The proportion of participants in the intervention group will have
significantly more participants healed at twelve weeks compared to the
usual care group.
• 2a Participants in the intervention group will have significantly
improved their self-reported physical activity levels at twelve weeks
when compared to the usual care group.
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• 3a Participants in the intervention group will have significantly
improved functional scores as measure by Tinetti gait and balance
scores at twelve weeks when compared to the usual care group.
• 4a Participants in the intervention group will have significantly
improved functional scores as measure by range of ankle motion at
twelve weeks when compared to the usual care group.
• 5a Participants in the intervention group will have significantly
improved quality of life scores at twelve weeks when compared to the
usual care group.
• 6a Participants in the intervention group will have significantly
improved health-related quality of life scores at twelve weeks when
compared to the usual care group.
5.2.5 Sample 
Participants for the trial were recruited from two outpatient wound services in 
Queensland: a Wound Healing Community Outreach Service (Brisbane) and a 
medical centre (Gold Coast); and a community nursing service in Victoria, Australia.  
The participants were recruited by research assistants at two sites and the PhD 
Candidate at the Gold Coast Clinic. A recruitment protocol was developed to in order 
to reduce recruitment bias between different staff recruiting participants (See 
Appendix B). The recruitment period lasted from July 2012 to April 2014. Potential 
participants were identified by the clinician in charge who advised the relevant 
research assistant. The research assistant then approached the patient and provided a 
brief overview of the study and gave the participant an information package 
including a consent form (See Appendix B). 
Sample size calculations prior to commencement of the study found a sample 
of 110 participants would be required. Power analyses were based on the following 
parameters; 80% power; 95% significance level (Collett, 2003). Significant clinical 
differences between groups were based on results from previous work in this area 
(e.g. a 0.2 difference in proportions of patients healed) and allowing for a 20% early 
drop-out rate.  
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The following was used as a premise to build a sample size calculation. 
Previous work by the PhD candidate obtained a 50% healing rate at 3 months in 
patients receiving a 4 layer compression system plus exercise, in comparison to 40% 
healed in a usual care group receiving ‘usual care’ (O'Brien et al., 2013). Therefore, a 
10% difference in healing rates was observed which was considered clinically 
significant, however statistical significance was not obtained due to a small sample 
size. One Study observed a 25% difference in acute wound healing rates for older 
healthy adults between a group receiving exercise and a group not receiving exercise 
(Emery, Kiecolt-Glaser, Glaser, Malarkey, & Frid, 2005). Therefore, it was reasoned 
that an exercise program for adults with VLUs in addition to compression bandaging 
may assist healing by 20%.  
 
Inclusion and exclusion criteria included the following: 
Inclusion criteria 
• Attended either the Gold Coast or the Queensland University of 
Technology (QUT) Wound Healing Service or were treated in their 
homes by the Royal District Nursing Service (RDNS)  
• Diagnosed by the clinician as having an ulcer primarily of venous 
aetiology 
• ABPI ≥0.8 ≤ 1.2  
Exclusion criteria 
• Cognitive impairment (at the discretion of the clinician) 
• Ulcers of non-venous aetiology 
• Unable to understand English 
 
5.2.6 Setting 
QUT’s Wound Healing Service is a nurse practitioner led wound healing 
service providing comprehensive assessments, cost-effective and evidence-based 
wound treatment in a specialised environment.  
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RDNS is an independent not-for-profit organisation and is Australia’s oldest 
and largest provider of home nursing and healthcare services. They offer a 
comprehensive range of wound care services supported by a specialist team of 
Clinical Nurse Consultants in wound care.  
Gold Coast Bundall Medical Centre is a general practitioner led wound healing 
service providing comprehensive assessments, cost-effective and evidence-based 
wound treatment in a specialised environment.  
5.2.7 Measures  
5.2.7.1 Independent variables 
The data set for the current study included the following independent variables. 
Socio-demographic information included: age, gender, country of birth, marital 
status, education and occupation. Previous physical activity history was documented 
as ‘yes’ being active in the past or ‘no’ not active in the past prior to venous leg ulcer 
and whether the participant used a walking aid. 
Medical history, included: co-morbid conditions ( i.e. whether participants had 
a history of diabetes; osteoarthritis; rheumatoid arthritis; hypertension; heart disease; 
Cerebral Vascular Accident (CVA); autoimmune disease; respiratory problems; gout; 
depression; hypercholesterolemia; hyperthyroidism; cancer and peripheral vascular 
disease (PVD) and smoking status. Height, weight and Body Mass Index (BMI) 
(weight/height2 (kg/m2) were recorded for all participants. 
The following current medications were noted: anticoagulants; 
antihypertensives; diuretics; thyroxine; steroids; analgesics; salbutamol; 
antidepressants; non-steroidal antiinflammatories; zinc; allopurinol; statins; 
antibiotics; immunosuppressants; hyperglycemic medications; reflux medications; 
benzodiazepines; nitrates and hormone replacement therapy (HRT). 
Ankle Brachial Pressure Index (ABPI) was calculated by determining the ratio 
of the blood pressure at the ankle to the blood pressure in the arm (Hess, 2005). The 
ABPI is a reproducible, non-invasive test that requires a hand-held Doppler probe to 
reproduce arterial pulse wave-forms of the dorsalis pedis and/or posterior tibial 
arteries with normal healthy individuals recording ABPIs of about 1.0 (Kunimoto et 
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al., 2001). Also ankle and calf circumference was also measured around the smallest 
part of the ankle and the largest part of the calf. 
A venous history was taken including presence of varicose veins or history of 
venous surgery or other leg surgery or trauma; Deep Vein Thrombosis (DVT); 
venous injections; swelling; rest pain; aching legs; cramps/claudication (pain in the 
calf muscle) and any previous ulcer information. 
Data about the ulcer were also collected and these included: anatomic location 
– extremity involved and location as noted by clinician as predominantly either
lateral, medial, posterior, anterior, gaiter or over the malleolus; duration of the ulcer 
on recruitment as indicated by the patient or medical records in weeks; percentage of 
wound bed tissue type, where tissue type is described as epithelial, granulation, 
slough or necrotic in nature as noted by the clinician; exudate amount - measured as 
none, light, moderate or heavy. 
Ulcer treatment was also recorded and this involved: wound dressings and 
compression bandage system. Surrounding skin and tissue condition was assessed 
and classified by the clinician as: healthy, oedematous – swelling between the ankles 
and the knees, dry, scaly, maceratered – a white discolouration due to surface 
keratocytes becoming over-hydrated (Thompson & Stephen-Haynes, 2007), blistered 
– a collection of serous fluid within the epidermis or between the epidermis and
dermis, due to short-term friction (Tortora, 2012); erythema – a reddening of the skin 
caused by dilation of the cutaneous vasculature; that is often accompanied by 
increased skin temperature (LeBlond, 2009), induration – a hardening of the skin and 
subcutaneous tissues around a wound due to inflammation (Casey, 2011), 
lymphoedema – an accumulation of lymph in the lymphatic vessels, causing swelling 
of a limb (Tortora, 2012), haemosiderosis – characterised by a brown staining of the 
leg resulting from iron in haemoglobin being deposited in the tissues of the leg 
(Casey, 2011), bruising – an area of haemorrhage that may be palpable (Casey, 
2011), hyperkeratosis – keratotic cells that do not separate and slough normally, thus 
piling up to produce elevated thick skin (LeBlond, 2009), eczema – an inflammation 
of the skin characterised by patches of red, blistering, dry, extremely itchy skin 
(Tortora, 2012), excoriation – a linear erosion caused by scratching, rubbing or 
picking (Casey, 2011), cellulitis – an infection of the dermis spreading radially 
within the skin and subcutaneous structures which is characterised by warm, raised 
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and tender (LeBlond, 2009), atrophie blanche – areas of pale, depigmented skin on 
the leg that are covered with red dots from dilated capillaries and venules and have 
low blood flow (Casey, 2011), callus – an area of hardened and thickened skin due to 
persistent pressure and friction (Tortora, 2012), infection – caused by a 
multiplication of bacteria and characterised by signs and symptoms of pain, heat, 
swelling and redness (WUWHS, 2008) and diagnosed as infected or not by the 
clinician in charge of care. 
Several measures were used to assess attitude toward exercise, general self-
efficacy and social support: 
Self-efficacy for Exercise (SEE) data were measured using the following 
instrument: Self-efficacy for Exercise Scale (Resnick & Jenkins, 2000). This is a 
nine item scaled instrument asking participants about their confidence in performing 
exercise in a number of different circumstances. To score the scale, the individual 
scores for each item (range 0 - 10), where 0 represents not confident and 10 
represents very confident. The SEE is scored by summing the ratings and dividing by 
the number of ratings responded to. Higher scores indicate higher self-efficacy for 
exercise. The scale was chosen as it has direct relevance to the intervention in this 
study and has been previously validated in older population with high internal 
consistency (Resnick & Jenkins, 2000). Prior use of this measure with white older 
adults provided evidence of internal consistency with alpha coefficients ranging from 
.89 to .94. There was evidence of construct validity based on hypothesis testing, 
because there was a statistically significant relationship between self-efficacy and 
exercise. Construct validity was also supported through confirmatory factor analysis 
(Resnick, 2000, 2001a, 2001b; Resnick & Jenkins, 2000). Consistently, the single-
factor model fit the data, and all factor loadings were greater than .50. 
The Outcome Expectancies for Exercise (OEE) Scale was measured and has 
been included in this analysis due to the importance of including outcome 
expectations, especially with older adults when measuring self-efficacy (Resnick, 
Luisi, Vogel, & Junaleepa, 2004). To complete the OEE Scale, the participant is 
asked to respond to nine statements about the physical and mental health outcomes of 
exercise and to agree or disagree with the statement (strongly agree, agree, neither 
agree nor disagree, disagree, or strongly disagree). Like the SEE, the OEE is scored 
by summing the ratings and dividing by the number of ratings to which one has 
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responded. Similarly to the SEE, prior use of the OEE with white older adults 
provided evidence of internal consistency (a - .78) and evidence for validity based on 
construct validity using hypothesis testing and confirmatory factor analysis (Resnick, 
2001b). Outcome expectations for exercise were associated with exercise behaviour 
(β = .20, p < .05), and were even better indicators of exercise behaviour than self-
efficacy for exercise. A confirmatory factor analysis testing a single factor model 
showed a good fit of the data to the measurement model and all factor loadings were 
greater than .50 (Resnick, 2001b). Higher scores represent more positive outcome 
expectations. There is some evidence for the validity and reliability in minority older 
adult populations (Resnick et al., 2004).   
The Fear-Avoidance Beliefs Questionnaire (FABQ) (Waddell, Newton, 
Henderson, Somerville, & Main, 1993) was used to assess fear avoidance beliefs. 
The FABQ is a sixteen item self-report questionnaire aimed at quantifying the beliefs 
of how work and physical activity affect pain and whether they should be avoided. 
The two subscales, fear-avoidance beliefs for work (FABQ-work) and fear-
avoidance beliefs for physical activity (FABQ-physical), are scored on a Likert scale 
of 0 - 6, from ‘strongly disagree’ to ‘strongly agree’, where higher sum scores 
indicate stronger fear-avoidance beliefs. Due to the generally older age group, it was 
expected only a few patients would be working, and therefore only the FABQ-
physical was used. This scale has been used previously in venous leg ulcer patient 
populations (Roaldsen et al., 2009) and the validity and reliability has been 
established in patients with chronic muscular pain (Crombez, Vlaeyen, Heuts, & 
Lysens, 1999; Pfingsten, Kröner-Herwig, Leibing, & Kronshage, 2000). 
General Self-Efficacy Scale (GSE) was the revised GSE scale which consisted 
of 10 items to determine confidence in ability to cope with challenging situations. 
Good reliability, stability, validity has been reported in a number of studies 
(Luszczynska, Scholz, & Schwarzer, 2005) In a study of 5,796 participants over 5 
countries, GSE was positively associated with optimism, self-regulation and self-
esteem, and negatively associated with depression and anxiety across cultures and 
samples. The GSE has been reported to have satisfactory factor structure, internal 
consistency (Guttman’s Coefficient = 0.72), construct validity and test-retest 
reliability (r = 0.82) (Leganger, Røysamb, & Kraft, 2000). 
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Social support was measured by the Medical Outcomes Study Social Support 
Survey (MOSSSS); a 20-item survey examining the perceived social support 
available to patients and represents the multiple dimensions of support including 
emotional/informational, tangible, affectionate, and positive social interaction 
(Sherbourne & Stewart, 1991). The instrument uses self-reported five-point answer 
scales and subscale totals which are calculated with high scores indicating more 
support (McDowell & Newell, 1996). Although designed for use in chronically ill 
patients, items have been shown to be universally applicable (McDowell & Newell, 
1996) Good evidence exists for its reliability and validity with internal consistency 
for the overall scale high (α 0.97) and values for the subscales ranging from α 0.91-
0.96 with the item scale correlations all exceeding 0.72 (Sherbourne & Stewart, 
1991). 
Geriatric Depression Score (GDS): A 7 item version of the GDS 15. The GDS 
is widely used to screen and assess depression in the older population and has shown 
good to excellent criterion validity as a screening instrument for major depressive 
disorder (Almeida & Almeida, 1999; Watson, Zimmerman, Cohen, & Dominik, 
2009). 
Exercise adherence data were obtained from the PhD candidate’s data sheets 
recorded on paper during phone calls (See Appendix B). Adherence in this study 
refers to maintaining an exercise regimen for a prolonged period of time. Adherence 
is voluntary, self-regulated and largely a psychological issue. In study, 2 adherence 
to leg exercises was defined as undertaking the recommended exercise intervention 
for greater than or equal to 75% of the time in order to comply with protocol. This 
figure has been regularly used in studies defining adherence or compliance to an 
exercise program such as exercise programs addressing chronic back pain (Hicks et 
al., 2012) and older adults (Van Het Reve, Silveira, Daniel, Casati, & de Bruin, 
2014). 
All participants received phone calls to measure self-reported exercise at weeks 
2, 4, 6, 8 and 12. A likert scale was used which asked the participants how often they 
were performing leg exercises and/or walking; response categories were 0 = not at 
all, 1 = some or a little of the time 2 = most or all of the time. The same scale was 
used for both the leg exercises and walking measure. Therefore, the maximum score 
a participant could record across the 5 data collection points was 10.  
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An important factor in promoting physical activity is exercise adherence. 
Exercise adherence can be defined as the degree to which a person completes a given 
exercise prescription (Pinto, Rabin, & Dunsiger, 2009). Participants have often been 
defined as adherent if completing 75% of the sessions (Taylor, Makambi, Sween, 
Roltsch, & Adams-Campbell, 2011). Therefore, adherence in this study was defined 
as completing either the leg and/or walking exercises 75% of the time, determined as 
any score greater than or equal to 7.5 out of 10. Adherence is often poorly defined in 
exercise studies. Objective step data were collected at baseline (7 days of step data – 
minimum of 3 days) (See Appendix B). 
Data were obtained in relation to participant’s goals by asking participants 
open-ended questions about what their goals were. The responses were documented 
on paper during phone calls (See Appendix B) throughout the 12 week intervention.  
 
5.2.7.2 Dependent variables 
Data collection instruments for the dependent variables (wound healing, 
physical activity, functional ability and health-related quality of life) included the 
following measures.  
The wound healing outcome measure was the incidence of complete wound 
closure at the completion of the study (12 weeks after initiation of exercise 
intervention). Wound tracings by way of VisitrakTM to determine ulcer area and 
weekly percent reduction in ulcer area (from baseline and from the previous 
measurement); time to healing (weeks); and healing rates. As the primary outcome 
measure was related to wound healing, data on ulcer healing were collected. These 
included: ulcer area which was calculated from wound tracings which were collected 
at least monthly by the wound care nurses via the use of an acetate grid and portable 
digital device, Visitrak for planimetry (Smith & Nephew Medical Limited, Hull, 
England) and a photograph of the wound was taken to determine: ulcer area and 
monthly percent reduction in area; time to healing; and incidence of complete wound 
healing, where wound healing is defined as complete epithelialisation maintained for 
2 weeks (See Appendix B). Visitrak has been validated as an instrument which 
provides a reliable measure of ulcer size with high intra-inter reliability (Sugama et 
al., 2007). A grid area was placed directly over the wound and the nurse used a 
permanent marker pen to trace around the edge of the wound then coded and dated 
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the image. The tracing grid was then placed on the Visitrak Digital unit and a stylus 
used to trace the wound outline. The digital tablet then showed a true area 
measurement (cm2). 
The Pressure Ulcer Scale for Healing (PUSH) (Stotts et al., 2001) tool is a 
standardised method of assessing and monitoring the severity of both pressure ulcers 
and VLUs using the following parameters; length, width, amount of exudate and 
wound bed tissue type to track healing progress over time (Stotts et al., 2001). The 
PUSH tool has established psychometric properties, such as validity and sensitivity 
for venous wounds (Hon et al., 2010; Ratliff & Rodeheaver, 2005; Stotts et al., 
2001). The PUSH instrument has demonstrated reliability in patients with chronic leg 
ulcers (Santos, Sellmer, & Massulo, 2007). Studies have assessed this scale with a 
range of leg ulcer types and found it to be responsive for all types of ulcers (Hon et 
al., 2010; Ratliff & Rodeheaver, 2005). Inter-rater reliability has been assessed as 
0.97-1.00 for all three sub scores of area, exudate amount and tissue type as well as 
the total score (Santos et al., 2007). 
Self-reported physical activity was measured through eight questions from the 
Yale Physical Activity Survey (YPAS) (Dipietro, Caspersen, Ostfeld, & Nadel, 
1993) (See Appendix B). The questions measured the participant’s physical activity 
over the previous week undertaking exercise, household and recreational activities. 
Moderate to high validity and reliability have been established in a number of studies 
(Harada, Chiu, King, & Stewart, 2001; Washburn, 2000). 
In relation to functional ability to measures were chosen i) the Tinetti gait and 
balance ii) range of ankle motion. The Tinetti Gait and Balance (Kegelmeyer, Kloos, 
Thomas, & Kostyk, 2007) test for agility and ankle range of motion were used to 
assess functional ability (See Appendix B). The Tinetti Gait and Balance measure is 
a reliable and valid clinical test to measure gait and balance in older people 
(Kegelmeyer et al., 2007). Scoring is done on a three point scale with a range on each 
item of 0-2 with 0 representing the most impairment. Individual scores are then 
combined to form three scales: a Gait Scale, a Balance Scale and then an overall Gait 
and Balance Score. The maximum score for gait is 12 points, while the maximum for 
Balance is 16 points with a total maximum for the overall Tinetti Instrument of 28 
points, the higher the score, the better the performance. The Tinetti predicts falls 
among older patients, those scoring 19 to 24 out of 28 on the test have a “moderate” 
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risk for falling and individuals scoring <19 have a “high” risk for falling 
(Kegelmeyer et al., 2007). The Tinetti was found to have the best predictive validity 
for fall risk in older people when compared to the timed up and go, functional reach 
test and one-leg stance test. The test is easily administered and provides information 
about an individual’s ability to ambulate and transfer safely (Kegelmeyer et al., 
2007). Participants were assessed for the Tinetti gait assessment as part of the 
baseline assessment. The balance portion of the test was conducted post the gait 
analysis by asking the participant to perform a range of postural ability activities.  
A goniometer (Baseline plastic 360O) was used for collecting data on range of 
motion (ROM) of the ankle joint. Participants were tested for ankle plantar flexion 
and dorsiflexion at baseline and 12 weeks after recruitment. Participants were asked 
to maximally perform ankle dorsiflexion and plantarflexion, the research assistant 
then measured the range of motion (See Appendix B). 
Functional ability was also assessed with the Lawton Independent Activities of 
Daily Living (IADL) survey: an eight-point scale designed to assess a patient’s 
everyday functional competence with consideration to telephoning, shopping, food 
preparation, housekeeping, laundering, use of transportation, use of medicine and 
financial behaviour (Lawton & Brody, 1970). This scale has been tested in acute 
care, rehabilitation and outpatient settings and extends the ADL theme to cover tasks 
that require a finer level of motor coordination assessing the more complex activities 
of daily living in the community (Lawton & Brody, 1970). It has been found to have 
practical utility in widely diverse settings, with a range of ages in population groups, 
and for a variety of goals (Lawton & Brody, 1970). The questionnaire answers are 
rated with 1 indicating that a patient is unable to complete the function to 3 
indicating that the patient is totally independent with the function. 
A summary score of the eight responses then indicates patient’s abilities with 
ranges from 0 (low function, dependent) to 8 (high function, independent) with the 
functional behaviours (Graf, 2009). Validity was tested using 180 subjects and the 
correlation was measured against four additional tests that measured different 
domains of functional status: self-care activities, physical health and mental health 
and behavioural and social adjustment and these correlations were significant with 
ranges between 0.40 and 0.61 (Graf, 2009). Inter-rater reliability has been established 
at 0.85 with reproducibility coefficients between 0.93-0.9 (Graf, 2009). 
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Medical Outcomes Survey Short Form-8 questionnaire (SF-8): A 8 item 
version of the SF-36 (Ware, 2001), developed to measure health related quality of 
life. The SF-8 consists of eight items, each representing one health profile 
dimension: general health perception, physical functioning, role functioning physical, 
bodily pain, vitality, social functioning, mental health and role functioning 
emotional. Each item of the SF-8 is assessed using a 5 or 6 point Likert scale, and is 
standardised according to the scoring system. The SF-8 is a valid and reliable tool to 
measure quality of life and has demonstrated acceptable validity and reliability in 
population studies; it has been reported as simpler and quicker to use than the SF-36 
(Gulati, Coughlin, Hatfield, & Chetter, 2009). 
All of these instruments were in the public domain, with the exception of the 
SF-8, for which a licence agreement was obtained for this Study. Data were collected 
and entered into databases fortnightly for 12 weeks from recruitment. However, due 
to participant loss to follow-up or short absences from the clinics, participants did not 
all have the same number of completed data points. Where data allowed, the 
following information was entered into the database for 12 weeks from baseline or 
until completely healed. 
5.2.8 Randomisation 
After completing all baseline data collection measures, participants were 
randomised to either intervention group protocols or usual care group protocols for 
12 weeks or until healed. Participants in the usual care group received evidence 
based wound care, and an information pack which included a pedometer, general 
advice for looking after their legs and an information sheet. In addition those in the 
intervention group received an instructor developed exercise booklet ‘VaLUE your 
Independence’ (See Appendix B), along with a verbal explanation and demonstration 
of the resistance exercise program. Those in the intervention were followed up by the 
PhD Candidate for telephone exercise follow-up component at week one, two, four, 
six eight and twelve. Participants in the usual care group also received telephone 
calls at the same time points to account for the attention effect. 
The randomisation schedule was prepared by an assistant independent to the 
research project using a computer generated random numbers table. To conceal 
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randomisation, the independent staff member prepared consecutively numbered, 
sealed, opaque envelopes for each site. The envelopes were kept in a locked location 
at each site accessible only by an unblinded researcher. As Study 2 was a self-
administered intervention, blinding of the participant and the researcher who 
conducted the telephone follow-up was by necessity unblinded.  
While randomisation may help remove selection bias, it does not always 
guarantee that the groups will be similar with regard to important patient 
characteristics. In many studies, important prognostic factors are known before the 
study. One way of trying to ensure that the groups are as identical as possible is to 
generate separate block randomisation lists for different combinations of prognostic 
factors. This method is called stratification. Although stratification was considered 
for this study, using ulcer size and duration a sample size calculation allowing for 
stratification found 250 participants would be required - which was unachievable for 
the timeline of a PhD study. Recruitment for this Study was originally planned to be 
only from one clinical site, however, due to slower than expected numbers for 
recruitment, two further sites at the Gold Coast and Melbourne were negotiated after 
recruitment had been in operation for 12 months at QUT. The sites were selected due 
to the common element of providing evidence-based practice and a similar client 
basis. This is further discussed in the limitations/recommendations section of Chapter 
8 as clinical site where participants were recruited may also have been a factor that 
may have influenced findings that stratification could eliminate in future studies. 
5.2.9 Intervention 
The Study 2 intervention was informed by Social Cognitive Theory (SCT). 
SCT focuses on the complex, dynamic relationships between the individual, health 
behaviours and their environment, where all elements interact and influence each 
other (Bandura, 2004b). This theory postulates that people’s beliefs about their 
capabilities are a better predictor of their behaviour than are their actual capabilities. 
For example, people with high self-efficacy regard tasks as a challenge rather than a 
risk, setting goals for themselves and staying committed to them. People with low 
self-efficacy avoid difficult tasks; they have low aspirations and a weak commitment 
to their goals (Bandura, 1997). To increase self-efficacy, strategies to improve goal 
achievement were embedded throughout the intervention. Study 2 intervention was 
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based on the SMART concept (Specific, Measurable, Achievable, Realistic and 
Timely) concept, therefore assisting individuals to improve their exercise self-
efficacy. People perform better when they are committed to achieving certain goals. 
Through an understanding of the effect of goal setting on individual performance, 
health professionals are able to use goal setting to benefit participants. Three 
moderators that indicate goal setting success: i) the importance of the expected 
outcomes of goal attainment, ii) self-efficacy—one's belief that they are able to 
achieve the goals, and iii) commitment to others—promises or engagements to others 
can strongly improve commitment (Locke & Latham, 1994). This goal setting theory 
complements SCT that purports that an individual’s learning is directly related to 
what an individual observes and subsequently learns by imitating the actions of 
another while being influenced by their own thoughts and the environment in which 
they are learning. 
Specific behaviour change techniques included; the information on the link 
between walking, leg exercise and CVI, setting graded tasks (pedometer step counts), 
identifying barriers and ways to overcome them, prompting self-monitoring by use of 
the pedometer, identifying social support and relapse prevention. Table 5-1 lists the 
theory-based behavioural strategies which were supported in Study 2 intervention. 
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Table 5-1. Description of behaviour change techniques targeted in consultations 
Behaviour change technique How the technique was used in the 
consultation 
Motivation for taking part - increase 
their motivation by reminding them of 
the reasons 
Discussion of why participant interested in 
the project 
Information on the link between 
walking / leg exercises and health 
Reflection on role of physical activity for 
health and well being 
Self-reflection (for the participant) on 
pros and cons of increasing walking 
and leg exercises 
Weighing up pros and cons of introducing 
leg exercise and starting walking 
Graded tasks 
Instruction Leg exercises and using the pedometer 
Self-monitoring Using the pedometer to monitor progress 
towards goals 
Identifying and overcoming barriers Recognising barriers and inviting 
participants to consider ways to overcome 
Relapse prevention strategies Recognising situations, thinking of 
alternatives 
At baseline, participants in the intervention group received an information pack 
which included printed handout that detailed important information about exercise 
and venous leg ulceration. The exercise booklet included general information about 
the benefits of exercise and common barriers to physical activity and solutions. The 
booklet detailed information about stretching, walking recommendations and lower 
leg resistance exercises designed to improve the strength and endurance of the calf 
muscle (See Appendix B).  
Participants in the intervention group were provided with a minimum of 6 
individual phone calls throughout the 12-week intervention (See Figure 5.1). Upon 
recruitment participants nominated their time preference for receiving their telephone 
coaching session. In accordance with recent recommendations for chronic disease 
management, and as used in the PhD candidate’s masters study (O'Brien et al., 2013) 
the intervention was staged-adapted and participants were encouraged to exercise 
within their own capabilities, which was influenced by individual symptomatology. 
The PhD Candidate who is an Accredited Exercise Physiologist (AEP) conducted the 
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Figure 5.1. Consort flowchart of Study 2. 
Week 1 
Week 2 
Week 4 
Week 6 
Week 8 
Week 12 
 QUT Wound Clinic RDNS or Bundall Medical Clinic 
 Approach participants (QUT) OR  Invitation letter &
follow up phone call ( RDNS)
 Gain informed consent
Baseline meeting 
 VaLUE Questionnaire
 Physical function assessment (Tinetti & ankle ROM,)
 Generic activity information given
 Collect wound data
Intervention Group Control Group 
Participants will receive ‘exercise pack’ & 
researcher will demonstrate exercises 
Pedometer and step calendar and given 
Phone call - coaching session 
Phone call – collect pedometer data  
Phone call - coaching session 
Phone call – collect pedometer data  
Phone call - goal setting session 
Phone call - coaching session 
Phone call - coaching session 
 (Week 4: Nurses to collect wound data) 
 (Week 2: Nurses to collect wound data) 
 (Week 6: Nurses to collect wound data) 
  (Week 8: Nurses to collect wound data) 
Post 12 week meeting 
 Physical function assessment
o Tinetti & ankle ROM
 Collect VaLUE questionnaire
 Wound data collected
Phone call – collect pedometer data  
Phone call – collect pedometer data  
Phone call – collect pedometer data  
Randomise
 (Week 10: Nurses to collect wound data) 
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delivery of the intervention. This is further discussed in the limitations section of 
Chapter 8. Treatment commenced within one week of the baseline assessment. 
Lower limb resistance exercises (5–6 sessions/week) were strongly 
encouraged, as strength training has benefits of improving the capacity of the calf 
muscle pump to return blood to the heart and lower venous hypertension (Kan & 
Delis, 2001; Yang et al., 1999) and is consistent with exercise guidelines for older 
adults (Chodzko-Zajko et al., 2009). In the exercise intervention booklet, participants 
were provided with detailed pictures and instructions, and guidelines on the number 
of sets and repetitions of each exercise, along with options for progression. The 
exercise protocol is shown in Table 5-2, the program was designed to be a self-
management program. Therefore, all participants were advised to begin at the same 
point, i.e. stage 1 level 1 and self-progress after satisfactorily completing that level 
for 3 days consecutively before advancing to the next. The lower limb exercises did 
not require any additional equipment. It was reasoned that a leg exercise program 
that isolates the calf muscle and has been proven to improve venous haemodynamics 
and had been tested for feasibility (O'Brien et al., 2013; Padberg et al., 2004) was an 
appropriate exercise protocol. Adherence to the leg exercise protocol has previously 
been discussed in Section 5.2.7. 
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Table 5-2. Exercise protocol for leg exercises 
Stage Type of exercise Level Repetitions Sets Frequency 
1 Seated heel-rises (both 
legs) 
1 10 3 3 times per day 
everyday 
2 15 3 
3 20 3 
4 25 3 
2 Standing heel-rises (both 
legs) 
1 10 3 3 times per day 
everyday 
2 15 3 
3 20 3 
4 25 3 
3 Standing: One legged 
heel-rises 
1 10 3 3 times per day 
everyday 
2 15 3 
3 20 3 
4 25 3 
A target of 150 minutes (30 minutes over 5 days per week) of low- moderate 
intensity, planned walking activity (as defined by a score between 9 – 14 on the Borg 
scale (Borg, 1982) was encouraged, consistent with management goals for older 
adults (Australian Government Department of Health and Ageing (DOHA), 2006). 
As most participants were relatively inactive at baseline, increases in exercise were 
recommended to be initially small and gradually increase towards the goal of 30 
minutes per day of low moderate intensity walking. 
Participants were asked to log their exercise (e.g., type of exercise, number of 
repetitions, sets, frequency and exertion level) each week in their participant manual 
to reinforce their sense of mastery over time (See Appendix B). 
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 Behaviour change strategies and principles used to guide the intervention were 
guided from SCT. The health education component of Study 2 was designed to 
increase self-efficacy for exercise, exercise adherence and self-efficacy for 
management of other VLU related symptoms. The exercise coaching sessions 
addressed: the use of exercise to manage symptoms and improve healing 
opportunities, basic elements of a balanced exercise program; how to exercise; 
barriers to exercise maintenance, and strategies to overcome barriers Table 5-1. The 
health education component occurred during the first education session and usually 
lasted for 20–30 minutes. Behaviour change skills emphasised in this intervention 
included self-monitoring, goal setting and positive reinforcement, positive self-talk, 
self-reward, motivational advice and/or relapse prevention coaching. 
In Study 2, participants were provided with self-monitoring tools: a pedometer 
(Yamax SW500) to monitor daily steps; and ‘keep it up’ worksheets, to monitor their 
daily lower limb exercises and walking steps respectively. Participants received a 
detailed workbook at the start of the trial and a minimum of 6 telephone calls over 2 
months to support initiation and maintenance of exercise. Call frequency was 
flexible, so that it could be tailored to meet the needs of the participant. For example, 
an extra weekly call could be made during a period of relapse. 
Participants worked with the PhD candidate to identify small, gradual changes 
to exercise patterns that they were able to master and maintain, rather than major 
changes which were less likely to be maintained over time. This facilitated a sense of 
mastery and confidence that was built upon throughout the intervention and hence 
build self-efficacy. Each intervention contact resulted in a behaviourally specific 
action plan that specified exactly what the participant intended to do and when; 
barriers and supports were identified; confidence assessed and problem-solving was 
discussed as necessary. These steps were repeated during intervention calls, with 
goals being adjusted as necessary. Participants were encouraged to set their own 
goals based on their fitness level and circumstances. 
All telephone calls were provided by the PhD candidate who has qualifications 
in exercise physiology and nursing and followed a set telephone protocol (See 
Appendix B). The PhD candidate reviewed participants’ original or amended goals, 
participation in the exercise program since the previous call, barriers experienced, 
motivation for exercise, recent symptoms and wound status. Adverse events were 
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documented. If participants were experiencing difficulties, the calls addressed 
barriers and ways to reactivate participation. Each follow up call lasted 
approximately 10 – 15 minutes. 
Treatment fidelity was monitored by the PhD Candidate to ensure the phone 
calls were consistently delivered as intended. Treatment fidelity was maintained by 
having a clearly written protocol in relation to the telephone coaching and the call 
duration was documented. 
 
5.2.10 Usual care group 
In order to minimise attrition over the 3 month study duration, participants in 
the usual care group received a bag with a generic information brochure “Taking care 
of your legs”, a pedometer and ‘working at it’ sheets. The usual care group received 
phone calls at the same time points as the intervention group, however they were not 
provided with any goal setting strategies. If at any point a participant in the usual 
care group asked for exercise advice they were referred to the wound care nurses in 
the clinic to discuss standard advice. 
 
5.3 TESTING THE EFFECTIVENESS OF A SELF-EFFICACY BASED 
EXERCISE INTERVENTION FOR ADULTS WITH VENOUS LEG 
ULCERS: PROTOCOL OF A RANDOMISED CONTROLLED TRIAL 
The article discusses the development and implementation of a study protocol 
to test the effectiveness of a home-based exercise program for improving the healing 
rates and physical activity outcomes for adults with VLUs.  
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Venous leg ulceration represents the most prevalent form
of difficult to heal wounds affecting 1–3% of the popula-
tion aged over 60 years [1]. This chronic condition not
only affects the lives of those who suffer from them but
requires a significant amount of health care resources [2].
Venous leg ulceration is defined as “an area of discontinu-
ity of the epidermis and the dermis on the lower leg per-
sisting for four weeks or more” [3]. Patients with venous
leg ulcers report pain, sleep disturbances, wound odour,
impaired mobility, altered body image, decreased vitality
and disappointment with treatment leading to social isola-
tion and an inability to work [4,5]. Furthermore, nearly
half of the patients report insufficient levels of physical ac-
tivity [6]. Although patients’ problems appear to be life-
style related, advice to improve physical activity levels
through adequate walking behaviour and leg exercises is
not part of common wound management practice [7].
Failure of the calf muscle pump, from inadequate ac-
tivity can result in sustained venous hypertension [8].
This theory is currently thought to be one of the main
causes of venous leg ulceration [9]. The calf muscle
pump is the primary mechanism to return blood from
the lower limbs to the heart. The pathogenic steps lead-
ing from venous hypertension to ulceration are largely
unknown. However, it has been found that the defi-
ciency of the calf muscle pump function is significantly
correlated with the severity of venous leg ulceration
[10-12]. Our previous work in this area found that, after
a 12 week home-based lower limb resistance exercise
program, those exposed to the exercise intervention had
significantly improved calf muscle pump function and
range of ankle motion [11]. This is significant as an inef-
ficient calf muscle pump and poor range of ankle mo-
tion are associated with prolonged healing [13,14]. This
current study proposes to further explore the relation-
ship between exercise and wound healing of venous leg
ulcers. In comparison to previous work by the authors
[11] there will be a larger sample size in this study and a
focus on self-management for participants whilst ad-
dressing behaviour change theory in the development
and implementation of the intervention. In addition this
study aims to understand the role of exercise self-efficacy
and outcome expectations in relation to adherence to
exercise for a self-management home based exercise
program for adults with venous leg ulcers.
Social Cognitive Theory (SCT) not only helps to ex-
plain and predict behaviour change, but also provides
practical guidelines on how to design interventions [15].
Social cognitive theory has been widely used and tested
successfully with health promotion interventions, includ-
ing interventions for management of chronic disease
such as multiple sclerosis and fibromyalgia [16,17] and
health promoting behaviour in older adults [18,19].Central to SCT is the concept of self-efficacy (SE)
which is defined as “people’s judgements of their capabil-
ities to organise and execute courses of action required to
attain designated types of performances” [20]. Most
adults know that walking regularly is the most important
form of exercise for adults aged 65 years and older is an
important aspect to living a healthy life [21]. However,
simply knowing about the importance of exercise is sel-
dom sufficient to motivate a sedentary individual to ini-
tiate and/or maintain physical activity on a regular basis
[22]. Some of the major factors that increase the likeli-
hood a person will sustain new physical activity behav-
iour include: social support, self-efficacy, active choices,
health contracts, perceived safety, regular performance
feedback and positive reinforcement [23].
The purpose of this article is to describe the protocol,
theoretical rationale and intervention for this study which
has been given the acronym VaLUE (Venous Leg Ulcers
And Exercise). This study is a three-month clinical trial of
the VaLUE intervention which will be deployed via tele-
phone calls, to provide an engaging home based exercise
program for adults with venous leg ulcers. The exercise
program is unique in its focus on the importance of mak-
ing regular exercise a SMART activity, which means goal
setting is Simple, Measurable, Achievable, Realistic and
Timed. The exercise program will teach both behavioural
and problem-solving strategies for successfully establish-
ing and maintaining realistic exercise goals for participants
with venous leg ulcers.
Methods/design
Study design
The VaLUE study is an open, two arm, parallel group,
pragmatic multi-site randomised controlled trial (RCT)
to test the effectiveness of a multi-component approach
to promoting exercise in adults with venous leg ulcers.
The VaLUE intervention includes two components: an
exercise booklet designed specifically for adults with
venous leg ulcers; and a telephone-delivered behavioural
exercise intervention to promote self-regulatory skills for
activity behaviour change linked to the exercise booklet.
Participants are randomised into the VaLUE intervention
or the comparison group for 12 weeks, a CONSORT flow-
chart of the trial design is shown in Figure 1.
Eligibility criteria and exclusions
To be eligible to participate in the RCT, patients have to
meet the following criteria: patients with a leg ulcer of
primarily venous aetiology as determined by the clinician
in charge; an Ankle Brachial Pressure Index ≥0.8 and ≤1.2;
able to understand English; willing to participate in a
telephone intervention; and who do not have a diagnosed
cognitive impairment. The exclusion criteria are: cognitive
impairment; and an inability to understand English. Eligible120
Figure 1 Consort flowchart of VaLUE trial.
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provided with an Information Package and Consent form.
Participants receive no incentives.
Recruitment, screening and informed consent
Participants with open venous leg ulcers are recruited
from three clinical sites in Australia, to facilitate general-
isability of the results and to ensure timely recruitment.All study procedures have been approved by QUT’s
University Human Research Ethics Committee (UHREC)
and Royal District Nursing Service (RDNS) Human
Research Ethics Committee (HREC) and the Private
General Practice at Bundall Medical Centre. All eligible
participants within each wound clinic are assessed for in-
clusion in the study. All participants are asked to provide
written informed consent prior to enrolment in the study.121
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of the ulcers is included as the study ulcer. The protocol
conforms to CONSORT guidelines for reporting non-
pharmacological interventions and has been registered
with the Australia and New Zealand Clinical Trials Registry
(ANZCTR) prior to study commencement.
Randomisation and blinding
After completing all baseline data collection measures,
participants are randomised to either intervention group
protocols or control group protocols for 12 weeks or
until healed. Participants in the intervention group re-
ceive evidence based wound care, and a VaLUE pack
which includes a pedometer, general advice for looking
after their legs and an information sheet. In addition
those in the intervention group receive an instructor de-
veloped exercise booklet ‘VaLUE your Independence’,
along with a verbal explanation and demonstration of
the resistance exercise program. Those in the interven-
tion are followed up by the first author for telephone ex-
ercise coaching at week one, two, four, six eight and
twelve. Participants in the control group will also receive
a VaLUE pack which includes a pedometer and the same
general advice information sheet for looking after your
legs.
The randomisation schedule has been prepared by an
assistant independent to the research project using a
computer generated random numbers table. To conceal
randomisation, the independent staff member prepared
consecutively numbered, sealed, opaque envelopes for
each site. The envelopes are kept in a locked location at
each site accessible only by an unblinded researcher. As
VaLUE is a self-administered intervention, blinding of
the participant and the researcher who conducts the
telephone follow-up is by necessity unblinded.
Intervention
VaLUE program
The VaLUE intervention has been informed by Social
Cognitive Theory (SCT). SCT focuses on the complex,
dynamic relationships between the individual, healthTable 1 Description of behaviour change techniques targeted
Behaviour change technique Ho
Motivation for taking part Dis
Information on the link between walking/leg exercises and health Ref
Self-reflection on pros and cons of increasing walking and leg exercises We
Graded tasks
Instruction Leg
Self-monitoring Usi
Identifying and overcoming barriers Rec
Relapse prevention Recbehaviours and their environment, where all elements
interact and influence each other [15]. This theory pos-
tulates that people’s beliefs about their capabilities are a
better predictor of their behaviour than are their actual
capabilities. For example, people with high self-efficacy
regard tasks as a challenge rather than a risk, setting
goals for themselves and staying committed to them.
People with low self-efficacy avoid difficult tasks; they
have low aspirations and a weak commitment to their
goals [24]. To increase self-efficacy, strategies to improve
goal achievement is embedded throughout the interven-
tion. The VaLUE intervention is based on the SMART
concept, therefore assisting individuals to improve their
exercise self-efficacy. Specific behaviour change tech-
niques included are the provision on the link between
walking, leg exercise and CVI, setting graded tasks (ped-
ometer step counts), identifying barriers and ways to
overcome them, prompting self-monitoring by use of
the pedometer, identifying social support and relapse
prevention. Table 1 lists the theory-based behavioral strat-
egies which are supported in the VaLUE intervention.
At baseline, participants in the intervention group re-
ceive a VaLUE pack which includes printed information
that details important information about exercise and
venous leg ulceration. The exercise booklet includes
general information about the benefits of exercise and
common barriers to physical activity and solutions. The
booklet has detailed information about stretching, walk-
ing recommendations and lower leg resistance exercises
designed to improve the strength and endurance of the
calf muscle.
Participants in the intervention group are provided
with up to 6 individual phone calls throughout the 12-week
intervention. Upon recruitment participants nominate
their time preference for receiving their telephone coach-
ing session. In accordance with recent recommendations
for chronic disease management, and as used in our pilot
study [11] the intervention is staged-adapted and partici-
pants are encouraged to exercise within their own capabil-
ities, which is influenced by individual symptomatology.
An exercise physiologist conducts the delivery of thein consultations
w the technique was used in the consultation
cussion of why participant interested in the project
lection on role of physical activity for health and well being
ighing up pros and cons of introducing leg exercise and starting walking
exercises and using the pedometer
ng the pedometer to monitor progress towards goals
ognising barriers and inviting participants to consider ways to overcome
ognising situations, thinking of alternatives
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of the baseline assessment.
Exercise components
Lower limb resistance exercises (5–6 sessions/week) are
strongly encouraged, as strength training has benefits of
improving the capacity of the calf muscle pump to return
blood to the heart and lower venous hypertension [25,26]
and is consistent with exercise guidelines for older adults
[27]. In the exercise intervention booklet, participants are
provided with detailed pictures and instructions, and
guidelines on the number of sets and repetitions of each
exercise, along with options for progression. The exercise
protocol is detailed in Additional file 1, the program has
been designed to be self-managed therefore all partici-
pants will be advised to begin at the same point, i.e. stage
1 level 1 and self-progress after satisfactorily completing
that level for 3 days consecutively before advancing to
the next. The lower limb exercises do not require any
additional equipment.
Walking
A target of 150 minutes (30 minutes over 5 days per week)
of low- moderate intensity, (as defined by a score between
9 – 14 on the Borg scale [28]) planned activity is encour-
aged, consistent with management goals for older adults
[29]. As most participants are relatively inactive at base-
line, increases in exercise are initially small and gradually
increase towards the goal of 30 minutes per day of low-
moderate intensity.
Exercise logs
Participants log their exercise (e.g., number of repetitions,
sets, frequency and exertion level) in their participant
manual in each week to reinforce their sense of mastery
over time.
Education/behaviour change
Behaviour change strategies and principles used to guide
the intervention are guided from SCT. The health edu-
cation component of VaLUE is designed to increase self-
efficacy for exercise, exercise adherence and self-efficacy
for management of other VLU related symptoms. The
exercise coaching sessions address: the use of exercise to
manage symptoms and improve healing opportunities,
basic elements of a balanced exercise program, how to
exercise, barriers to exercise maintenance, and strategies
to overcome barriers (Table 1). The health education
component occurs during the first education session and
usually lasts for 20–30 minutes. Behaviour change skills
emphasised in this intervention include self-monitoring,
goal setting and positive reinforcement, positive self-talk,
self-reward, motivational advice and/or relapse preven-
tion coaching.In the VaLUE study participants are provided with
self-monitoring tools; a pedometer (Yamax SW500) to
monitor daily steps, and ‘keep it up’ worksheets, to
monitor their daily lower limb exercises and walking
steps respectively. Participants receive a detailed work-
book at the start of the trial and up to 6 telephone calls
over 2 months to support initiation and maintenance of
exercise. Call frequency is flexible, so that it can be tai-
lored to meet the needs of the participant. For example,
an extra weekly call could be made during a period of
relapse.
Participants work with the first author to identify small,
gradual changes to exercise patterns that are able to be
mastered and maintained, rather than drastic changes
which are less likely to be maintained over time. This facil-
itates a sense of mastery and confidence that can be built
upon throughout the intervention and hence build
self-efficacy. Each intervention contact results in a be-
haviourally specific action plan that specifies exactly
what the participant intends to do and when; barriers
and supports are identified; confidence assessed and
problem-solving is discussed as necessary. These steps
are repeated during intervention calls, with goals being
adjusted as necessary. Participants are encouraged to
set their own goals based on their fitness level and
circumstances.
Telephone reinforcement for VaLUE
All telephone calls are provided by the first author who
has qualifications in exercise physiology and nursing and
follow a set telephone protocol. The first author reviews
participants’ original or amended goals, participation in
exercise program since the previous call, barriers expe-
rienced, motivation for exercise, recent symptoms and
wound status. Adverse events are documented. If par-
ticipants are experiencing difficulties, the calls address
barriers and ways to reactivate participation. Each follow
up call lasts approximately 10 – 15 minutes.
Program adherence
Participants inform the investigator of requests for days
and times to receive their phone calls during the eligibility
screening phase. Adherence is categorised as follows: self-
reported participation in 75% or more of the sessions is
‘excellent’; participation in 50–74% of sessions is ‘good’;
participation in 25–49% of sessions is moderate; and par-
ticipation in less than 25% of the sessions is ‘poor’.
Treatment fidelity
Treatment fidelity is monitored to ensure the phone
calls are consistently delivered as intended. Treatment fi-
delity is considered in the following aspects; a clearly writ-
ten protocol in relation to the telephone coaching and the
call duration, is documented.123
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In order to minimise attrition over the 3 month study
duration, participants in the usual care group receive a
VaLUE bag with a generic information brochure “Taking
care of your legs”, a pedometer and ‘working at it’ sheets.
The usual care group receive phone calls at the same
time points as the intervention group, however they are
not provided with any goal setting strategies. If at any
point a participant in the usual care group is to ask for
exercise advice they are referred to the wound care
nurses in the clinic to discuss standard advice.
Data collection and outcomes
Procedures and data collection
All staff of the respective trial sites have been trained on
the study protocol, informed consent and assessment
data collection procedures. A data collection training manual
has been developed to guide research staff through step-
by-step administration of informed consent and data col-
lection procedures. Assessments are completed in person
at baseline and at 12 weeks (Figure 1).
Potential participants complete a brief screening, either
in person or by telephone. During the screen, an in-person
baseline interview is scheduled for eligible participants.Table 2 Study procedures for both intervention and control g
Measure
0
Clinical history ×
Sociodemographic data ×
Wound healing
Pressure Ulcer Healing Score (PUSH) ×
Ulcer characteristics, level of compression ×
Physical activity outcomes
Yale Physical Activity Survey ×
Adherence to exercise program ×
Pedometer
Functional outcomes
Lawton Instrumental ADL ×
Tinetti Gait and Balance Test ×
Ankle Range of motion ×
Psychosocial beliefs toward exercise
Exercise Self-efficacy Scale ×
Outcome expectancies for exercise ×
Fear avoidance beliefs for exercise ×
Health-related quality of life
The MOS Social Support Survey ×
The Medical Outcomes Study (MOS) Pain Measures ×
Medical Outcomes Survey Short Form-8 questionnaire (SF-8) ×
The Geriatric Depression Scale (GDS) ×Informed consent is obtained before the interview, and
all questionnaires are interviewer-administered. Most
baseline and follow-up interviews are conducted at the
intervention site, but some are conducted in the pa-
tients’ home.
Baseline descriptive demographic information is col-
lected on health and medical history; venous history and
previous ulcer characteristics, clinical status, functional
and general health status. A VaLUE questionnaire is ad-
ministered at baseline and week 12, which collects data
related to the social-cognitive constructs which underpin
the intervention and to assess self-efficacy, outcome ex-
pectations, and a range of dimensions related to health
outcomes as shown in Table 2. A functional assessment
is conducted only at baseline and week 12, including:
range of ankle motion and a balance and walking meas-
ure. Wound data for each participant is collected by the
respective clinical staff fortnightly at each site; measures
such as ulcer area and the skin integrity are docu-
mented. Clinical staff at all sites have been trained in
data collection for the study for consistency of data col-
lection. Data related to intervention delivery is tracked
by the first author following each call. This includes data
on call outcomes (call completion versus missed calls),roup
Week
1 2 4 6 8 12
× × × × ×
× × × × ×
×
× × × × × ×
× × × × × ×
×
×
×
×
×
×
×
×
×
×
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self-reported data on exercise adherence.
Primary outcome measures
Incidence of complete wound closure at the completion
of the study (12 weeks after initiation of exercise inter-
vention). Wound photographs and tracings are collected
fortnightly or monthly by the wound care nurses via the
use of acetate grids and Visitrak for planimetry (Smith &
Nephew Medical Limited, Hull, England) to determine:
ulcer area and fortnightly percent reduction in area; time
to healing; and incidence of complete wound healing.
Healing is defined as full epithelialisation of the ulcer
which has been maintained for at least two weeks with-
out breakdown. Visitrak has been validated as a reliable
measure of ulcer size with high intra-inter reliability
[30]. The Pressure Ulcer Scale for Healing (PUSH) [31]
tool is a standardised method of assessing and monitoring
the severity of both pressure ulcers and venous leg ulcers
using the following parameters: length, width, amount
of exudate and wound bed tissue type to track healing
progress over time. The PUSH tool has established psy-
chometric properties, such as validity and sensitivity for
venous wounds [32].
Secondary outcomes
Physical activity
Self-reported physical activity is measured through eight
questions from the Yale Physical Activity Survey (YPAS)
[33]. The questions measure the participant’s physical
activity over the previous week undertaking exercise,
household and recreational activities. Moderate to high
validity and reliability have been established in a number
of studies [34,35].
Exercise adherence data is obtained from the researcher’s
data sheets recorded on paper during phone calls and
home-based participants’ self-report exercise logs, which
provide important information about whether participants
are exercising at home.
Objective step data is collected at baseline (7 days of
step data – minimum of 3 days required) to determine
any baseline differences and at each phone call timepoint.
Functional ability
The Tinetti gait and balance test for agility is assessed at
baseline and week 12, this tool is a reliable and valid
clinical test to measure gait and balance in older people
and other patient populations [36]. The Tinetti was
found to have the best predictive validity for fall risk in
elderly people when compared to the timed up and go,
functional reach test and one-leg stance test. The test is
easily administered and provides information about an
individual’s ability to ambulate and transfer safely [36].Ankle range of motion using a goniometer (Baseline
plastic 360°) is used for collecting data on range of motion
(ROM) of the ankle joint using a standardised protocol
across sites. Participants are tested for ankle plantar
flexion and dorsiflexion at baseline and 12 weeks after
recruitment. Participants are asked to maximally per-
form ankle dorsiflexion and plantarflexion; the clinician
then adds the two scores for the total range of ankle
motion.
Lawton’s Instrumental Activities of Daily Living (IADL).
The instrumental activities of daily living are assessed at
baseline and week 12. These activities are more complex
than basic activities of daily living, and being able to per-
form them allows a person to be independent within a
community. The survey is designed to assess a patient’s
everyday functional competence with consideration to
housework, tasks involving mobility, managing the home
and property; catching the bus; cooking meals and going
shopping, use of medicine and financial behaviour [37].
Few studies have tested the psychometric properties of the
Lawton IADL scale, although it has been used for almost
40 years. Lawton and Brody originally determined accept-
able levels of inter-rater reliability and construct validity
for the Lawton IADL scale by examining its correlation
with other scales that measure functional competence.Health-related quality of life
SF-8™ Health Survey1Medical Outcomes Survey Short
Form-8 questionnaire (SF-8) is measured at baseline and
week 12, it is a widely used, valid and reliable measure to
assess health related quality of life [38].
The MOS Social Support Survey is measured at baseline
and week 12, it examines the perceived social support
available to patients and represents the multiple dimen-
sions of support including emotional, tangible, affectionate,
and positive social interaction [39].
The Geriatric Depression Scale (GDS) is measured at
baseline and week 12, it is used to assess depressive symp-
toms over the last four weeks [40]. The five-item GDS has
been validated as an effective screening tool of depression
in cognitively intact older subjects [41] and reliable in a
variety of settings [42].
The Medical Outcomes Study (MOS) Pain Measures is
measured at baseline and week 12, it is a valid and reliable
means of assessing intensity, frequency and duration of
pain on behaviour and mood [43].Psychosocial beliefs toward exercise
Self-efficacy for Exercise scale is measured at baseline
and week 12, it asks the participants about their confidence
in performing exercise in a number of different circum-
stances [44] that has been previously validated in older
populations.125
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sured at baseline and week 12, d and has been included
in this analysis due to the importance of including out-
come expectations, especially with older adults when
measuring self-efficacy [45].
Fear-Avoidance Beliefs Questionnaire (FABQ) [46] is
measured at baseline and week 12. The FABQ is a six-
teen item self-report questionnaire aimed at quantifying
the beliefs of how work and physical activity affect pain
and whether they should be avoided. The two subscales,
fear-avoidance beliefs for work (FABQ-work) and fear-
avoidance beliefs for physical activity (FABQ-physical),
this scale has been used previously in venous leg ulcer
patient populations [47].
Data analysis
Differences in primary and secondary outcomes between
groups will be compared using intention to treat ana-
lysis. Once a participant is randomised to a study group,
they will be considered a trial participant and analysed
according to their allocated group, regardless of missing
data for follow ups or the amount of intervention re-
ceived. Bivariate relationships will be tested with Pearson
or Spearman correlations, independent t-tests or Mann–
Whitney U tests to examine relationships between the
dependent variables and the independent variables or
chi square for categorical varibales. Each primary and
secondary outcome will be modelled using mixed linear
models to determine differences between groups and
adjust for potential confounders. Potential confounders
such as baseline characteristics, for example disease sever-
ity, ulcer size and/or duration etc. will be included and
controlled for in the final model. Data analysis will be per-
formed using SPSS v21. Statistical significance will be set
at p < 0.05 for all analyses.
Sample size calculations and expected loss to follow up
The sample size estimation was based on wound healing
data from our pilot study and an estimated post-intervention
difference in healing between groups. A sample of 44
participants randomised to each group will be sufficient
to detect a moderate effect size difference (80% power
and a 5% significance level) of 20% difference in propor-
tions of healed ulcers between groups after a 12 week
exercise intervention. This figure rises to 55 in each
group to allow for a 20% loss to follow-up.
Discussion
Venous leg ulceration affects a significant proportion of
the population over 60 years [1] and the clinical symptoms
of the disease impose a significant burden to patients, the
healthcare system and wider economy. The VaLUE study
aims to provide evidence for the effectiveness of a home
based pragmatic exercise program to improve physicalactivity and therefore venous return, thereby promoting
healing for adults with venous leg ulcers. This study
uses a telephone based intervention to educate, motiv-
ate and change behaviours based on SCT that support
increases in physical activity. Findings from this study
will add to the growing research literature on the health
benefits of exercise for chronic disease management.
Furthermore this study may yield further insights to our
understanding of the strengths and limitations of behav-
iour change in relation to a home based exercise program,
identifying those groups of patients who benefit most or
least from this type of an intervention.
A self-management intervention that can improve an
individual’s exercise self-efficacy and self-management
capacity could have potential significance in improving
the management of people with chronic venous leg ulcers
in the community.
Trial status
Current follow up.
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5.4 DATA MANAGEMENT  
A Microsoft excel 2010 database was used for the management of data 
collected from study participants. Participants’ details were recorded and individual 
timelines were tracked. The timing of data collection and dates when questionnaires 
were sent and returned were recorded. The excel database was password protected, 
as it contained identifying information, and stored in a secure access electronic file. 
A Statistical Package for Social Sciences (SPSS) (version 21) for Windows file was 
used to enter and store data collected. Hard copies of all questionnaires were stored 
in a locked filing cabinet at the Institute of Health and Biomedical Innovation. 
Frequency distributions and histograms of all variables were run in SPSS to 
check for invalid, missing and inconsistent values. All suspicious data were 
followed-up with reference to the original data sources. Continuous variables (age, 
BMI, ulcer area, ulcer duration, range of ankle motion, Geriatric Depression Scale 
totals, General Self Efficacy scale totals, MOS Social Support Scale totals, YPAS 
totals, Self -efficacy for exercise, Outcome expectancies for exercise and Fear 
avoidance beliefs, Tinetti gait and balance measure) were checked they were within 
range. Categorical variables were also checked that they were within set ranges. 
All data for the study were carefully checked and problems were corrected by 
the PhD Candidate. Data entry was undertaken by the PhD Candidate and a trained 
research assistant who checked a random sample with medical records and double 
entered a random sample of 20% of the data, any incorrect data entry was corrected.  
The pattern of missing data was checked by testing differences between cases 
with missing data and cases with no missing data and no significant differences were 
found. Approximately 5% of participants had less than 3% of missing data in 
demographics and baseline outcome variables.  
Outliers were checked against the raw data for accuracy. There was wide 
variation in ulcer area, with a few very large ulcers, and some ulcers, of very long 
duration, which is well documented in the literature (Australian Wound Management 
Association (AWMA), 2011). Therefore, these values were kept in and non-
parametric tests were used. Outliers in other variables were checked for accuracy and 
retained with their values.  
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5.4.1 Data analysis 
Total scale scores (as described in Section 5.2.7) were calculated from the scale 
items for the SF-8, Geriatric Depression Scale, Lawton’s Activities of Daily Living 
MOS Social Support Survey, General Self Efficacy scale, YPAS subscale Total 
Activity Index, Tinetti gait and balance score, Self-efficacy for exercise, Outcome 
expectations for exercise and Fear avoidance beliefs score. Body Mass Index (BMI) 
was calculated from weight and height measures.  
Frequency histograms were run in SPSS on all continuous variables to check 
for normality of distribution to guide descriptive and bivariate analyses. Normality 
was established if the following criteria were met: 
• mean within 10% of median, 
• minimum and maximum are approximately mean+/- 3 standard deviations, 
• skewness and kurtosis both within +/- 3, and 
• roughly symmetrical histogram. 
Means and standard deviations are reported for normally distributed data. 
Median and interquartile range are reported for skewed data. The criterion for 
statistical significance was set at the conventional level of p<0.05 (two tailed) for all 
analyses. However, as logistic regression has no assumptions on distribution, 
linearity of relationships or equal variance, variables were not transformed if they 
were not normally distributed.  
Descriptive analyses were undertaken for all variables. Bivariate relationships 
were tested with Chi-square test or Fisher’s Exact Probability test (when less than 
80% of cells had expected frequencies of 5 or more) to analyse categorical data. 
Independent, two sample t-tests or Mann-Whitney U tests were used to assess the 
differences between groups on continuous variables, depending on distribution.  
Variables found to be statistically significant between groups at baseline were used 
as covariates for subsequent analyses of prospective data. Independent, two sample t-
tests or Mann-Whitney U tests were used to assess the differences between groups on 
continuous variables, depending on distribution. Pearson’s or Spearman’s correlation 
coefficient was used to examine the relationships between continuous variables, 
depending on the distribution.  
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It is recommended that if the objective of a trial is pragmatic, as was the case 
of Study 2, that is, addresses the effectiveness of a specific treatment in real life 
(clinical setting), an Intention to Treat (ITT) analysis should be the primary analysis 
(Armijo-Olivo et al., 2009). The results for the effectiveness analysis are presented in 
Section 6.3. However, it is recommended that researchers explore other analyses 
such as ‘per protocol or adherers only’ to complement the pragmatic approach 
provided by ITT. The ‘adherers only’ analysis includes all patients in both groups 
who completed the entire treatment protocol as originally planned and with perfect 
compliance or defined adherence (Sheiner & Rubin, 1995). Thus, this analysis counts 
for only those subjects assigned to a protocol who actually received, complied with, 
and completed the protocol (Heritier, Gebski, & Keech, 2003). Therefore, in order to 
explore the primary research questions in Study 2 these were analysed according to 
ITT principles, complemented by an ‘adherers only’ approach to analyse the 
outcomes of the RCT. The secondary research questions explored the influence of 
other factors / potential confounders on the primary outcomes.  
 
5.4.1.1  Multivariable analysis for the effectiveness (ITT) analyses for primary 
outcomes 
Research question 1a queried the difference in healing between groups at week 
12. A chi square test and a binary logistic regression were undertaken to determine 
the relationship between ulcer healing and group. The data were checked for fit with 
the assumptions of logistic regression. There was adequacy of expected frequencies 
and there was independence in responses of different cases. Significance tests, 
parameters and odds ratios were calculated for group to determine the degree of 
influence the independent variable had on healing outcomes 
Research questions 2a, 3a, 4a, 5a and 6a examined the difference between 
groups over time and effect on the remaining primary outcomes. A repeated 
measures ANOVA was used to identify significant differences between groups over 
time. Group was the between subject factor and time was the within subject factor or 
repeated measures factor. The repeated measures ANOVAs were used to identify 
significant differences for: physical activity, functional ability and health related 
quality of life.  
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5.4.1.2  Multivariable analysis for the exploratory analyses for secondary 
outcomes 
Research question 1b, examined the influence of other factors on wound 
healing. As the primary outcome variable was binary (wound healed yes/no), and 
there was a mixture of continuous and categorical predictor variables, binary logistic 
regression modelling was used to analyse the variables’ independent influence on 
healing and to determine relationships between ulcer healing and predictor variables.  
As above (Section 5.4.1.1) the data were checked for fit with the assumptions 
of logistic regression. The absence of collinearity was assumed for logistic 
regression. It was considered possible that some of the independent variables were 
measuring the same or very similar concepts (e.g. whether a person required a 
walking aid (yes/no) and the Tinetti gait and balance score which is a test for agility. 
These variables were tested for collinearity to determine the degree of redundancy 
prior to multivariable modelling. Correlations between variables measured on Likert 
scales were examined using Pearson’s correlation coefficient. If the correlation was 
above 0.7 or below -0.7, the variables were considered to be measuring the same 
concept.  
All variables significantly associated with healing (p<0.05) or previously 
identified in the literature as influencing healing were simultaneously entered into a 
binary logistic regression model to determine their independent influences on 
healing. Goodness of fit tests were used to eliminate unnecessary variables and 
determine the final parsimonious regression model that retained strong prediction 
(Tabachnick, 2009). Significance tests, parameters and odds ratios were calculated 
for the predictor variables to determine the degree of influence of each independent 
variable had on healing outcomes.  
Research Questions 2b, 3b, 4b, 5b and 6b (Section 1.4), examined the 
differences in functional ability measures between groups and other factors that may 
have influenced the secondary outcomes at week 12. Linear mixed effects models 
(LMM) with covariates were used to examine change over time between groups. The 
term mixed model refers to the use of both fixed and random effects in the same 
analysis. Fixed effects have levels that are of primary interest and would be used 
again if the experiment were repeated. Random effects have levels that are not of 
primary interest, but rather are thought of as a random selection from a much larger 
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set of levels. Subject effects are almost always random effects, while treatment levels 
are almost always fixed effects. 
Prior to undertaking the LMM the data format was restructured to “vertical” 
from “long format”. This restructuring resulted in the data table having one row per 
participant per measurement of time so that a repeated measure linear mixed model 
could be performed. In this study the measurements had occurred at two time points 
and so there were two rows for each participant following restructuring. 
Separate random effects models for the functional measures were tested using 
an unstructured covariance matrix due to little chance of losing too many degrees of 
freedom. The focus of the analysis was on the change in physical activity, functional 
ability or quality of life over time between groups. The effect of selected IVs which 
was determined by bivariate analyses significant at the p <0.05 level on the changes 
was examined through including respective covariates from separate bivariate 
analyses in all models. 
The strength and the significance of bivariate correlations with functional 
outcomes and health related quality of life was the main criterion for selecting IVs 
for inclusion in the analyses. Correlations were conducted using spearman product 
moment correlation coefficients. 
A number of steps were undertaken to develop the linear mixed models for 
physical activity, functional ability or quality of life outcomes (Fitzmaurice, 2011). 
In the first step the process of model selection was applied for functional and quality 
of life as separate models. Time was included as a repeated measure in all models.  
The linear mixed models were initially computed with no covariates to 
examine the change in physical activity, functional ability or health-related quality of 
life outcomes over time without the influences of covariates. A random intercept and 
different residual variances for each time point were fitted in the first model. 
Following this, the second model was computed with a random intercept and no 
different residual variances at each time point. The third model was computed with 
no random effects and different residual variances for each time point. 
A model was then computed with all the covariates for the dependent variable 
of physical activity, functional ability or health-related quality of life. A backward 
elimination process was undertaken in the linear mixed model where the weakest 
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variables were removed until the most parsimonious model was produced. The 
Akaike Information Criteria (AIC), in which a lower value is better, in conjunction 
with parsimony was used to determine the best fit model.  
As non-statistically significant covariates were removed, each model was 
recomputed with a random intercept and different residual variances for each time 
point in the first model, a random intercept and no different residual variances for 
each time point in the second model and no random effects and different residual 
variances for each time point in the third model. This process was repeated until the 
remaining variables were significant and/or the lowest value of the AIC had been 
achieved. 
Following comparison of all the models, the best model was selected and the 
effect of time and group and other IVs were considered. The final models for all 
physical activity, functional ability or quality of life outcomes showed different 
effects for all of these outcomes. The results from Study 2 are presented in the 
following Chapter.  
 
5.5 SUMMARY 
The conceptual framework presented in Chapter 3 and the results presented in 
Chapter 4 of Study 1 helped to inform the design of Study 2 (randomised controlled 
trial) to test the effectiveness of a self-management home-based exercise program 
which has been presented in Chapter 5. The results from the randomised controlled 
trial are presented in Chapter 6 and discussed in Chapter 7. 
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Chapter 6: Results for Study 2 
6.1 INTRODUCTION 
The aim of Study 2 which is reported in this chapter was to assess the 
effectiveness of the intervention using an intention-to-treat analysis (ITT) of a self-
management exercise program to improve healing rates, physical activity, functional 
ability and health-related quality of life outcomes for adults with VLUs. 
This chapter presents the primary and secondary outcomes of the intervention 
study discussed in Chapter 5. The chapter begins by describing the baseline 
characteristics of participants and proceeds to describe the effectiveness of the 
intervention for the primary outcome measures: wound healing, physical activity, 
functional ability and health-related quality of life. This is followed by a summary of 
the progression of individuals through the 12 week exercise program and a per 
protocol or ‘adherers only’ analysis on only those who were adherent to the leg 
exercise program compared to the usual care group. The following section presents 
the secondary outcomes which explored other factors that influenced the primary 
outcomes. The constructs of Social Cognitive Theory specifically factors of self-
efficacy are then explored. The results are then discussed in Chapter 7 in context to 
the literature. 
 
6.2 BASELINE CHARACTERISTICS OF PARTICIPANTS 
Three hundred and forty participants were identified between the three clinical 
sites between June 2012 and March 2014. Two hundred and seventy-seven 
participants were excluded from the study for the following reasons: i) not meeting 
the inclusion criteria ii) not wishing to participate or iii) having a cognitive 
impairment. Twenty six participants when approached about the research project 
were not interested in participating due to the exercise protocol. Forty-one 
participants were unable to be followed up either being unable to return to the clinic 
sites as required or unwilling to be contacted by phone as per protocol. Of the 
participants identified, 63 consented to the study but one participant was excluded on 
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the basis of the ankle brachial pressure index score which was not within the required 
range.  
One participant was hospitalised in the intervention group due to deterioration 
of their chronic heart failure condition which was unrelated to their venous leg ulcer 
or the exercise program. Two participants post-randomisation (weeks 2 and 3 
respectively) in the intervention group found the exercise intervention too time 
consuming. However, both of these participants were happy to be followed up for 
wound healing data and the questionnaire at time two and were therefore included in 
the intention-to-treat analysis (i.e. the effectiveness analyses) Additionally, two 
participants who were randomised to the usual care group failed to return to the 
wound clinic. Therefore, a total of 59 participants were analysed for the effectiveness 
analysis; intervention (n = 30) and usual care (n = 29). The flow of participants is 
demonstrated in Figure 6.1.
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Assessed for eligibility 
(n = 340) 
Excluded (n = 277) 
  Not meeting inclusion criteria 
• non-venous aetiology (n = 139) 
• no wound (n = 60) 
• cognitive impairment (n = 11) 
  Did not wish to participate (n = 26) 
  Unable to be followed up (unable to return to clinic 
once/month, or contacted by phone) due to distance or 
illness (n = 41) 
Randomised (n = 63) 
Allocated to intervention 
(n = 32) 
 
Received allocated intervention 
(n = 31) 
 
Did not receive allocated 
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• incorrectly randomised 
(n = 1) 
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Allocated to usual care 
(n = 31) 
 
Received usual care 
(n = 31) 
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• hospitalized (n = 1) 
 
Discontinued intervention 
• too time consuming  
(n = 2) 
Lost to follow up  
• did not return to 
clinic (n = 2) 
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 Analysed (n = 30) Analysed (n = 29) 
Figure 6-1. Flow of participants through the VaLUE study 
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6.2.1 Demographics 
Sixty two patients with venous leg ulceration, 32 males (51.6%) and 30 
females (48.4%) aged between 31 and 97 years (71.5 ±14.6 years), met all the 
inclusion criteria and were randomised per protocol to an intervention or usual care 
group for the duration of the study. 
The mean age of the intervention group was 71.3 years (SD±15.8) and usual 
care group was 71.7 years (SD±13.4) which were comparable, t (-0.007) = 479.5, p = 
0.99. The ulcer characteristics of the sample are reported in Table 6-1. 
Thirty-seven participants were recruited QUT (59.7%), fifteen participants 
were recruited from RDNS (24.2%) and ten participants were recruited from the 
Gold Coast Medical Clinic (16.1%) analysed for this study. 
 
Table 6-1. Baseline ulcer characteristics, medical history and medications for the 
entire cohort and groups 
 Total Usual 
care 
Intervention test p 
Ulcer  
Characteristics 
Median (range) Mann-Whitney 
U 
 
Ulcer duration (weeks) 16 (2 – 416)  14 (3-234) 16 (2-416) 462.5 0.85 
 Mean (SD) T-test  
Ulcer area (cm2) 7.5 (±11) 6.0 (±8.3) 8.8 (±1.4) -0.9 0.34 
PUSH score 1 9.2 (±3.5) 9.7 (±3.3) 9.2 (±3.5) 0.58 0.49 
 Total  
n (%) 
Control 
n (%) 
Intervention 
n (%) 
x2  
Compression 
(>30mmHg) 
33 (53%) 16 (53%) 17 (53%) 0.00 0.99  
1 Pressure Ulcer Healing Score (PUSH) (0 – 17) 
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Many conditions were reported by participants, with over half of the 
participants reporting that they suffered from hypertension and a third reporting that 
they had some form of heart disease. Forty-seven percent reported having 
osteoarthritis and 22% reported having diabetes. The most frequent type of 
medications reported by participants included, almost 60% of participants taking 
antihypertensives and/or analgesics and 40% taking anticoagulants. Seventy-seven 
percent of participants reported a history of varicose veins, while 23% experienced 
intermittent claudication and 22% had had some form of surgery or trauma to their 
study leg.  
Twenty participants (32.3%) required a walking aid to mobilise, while a 
quarter of participants had a fixed ankle joint. The scores for the Yale Physical 
Activity Survey indicated low to moderate levels of activity. Yale Physical Activity 
Survey testing revealed the median score at baseline in the usual care group was 21 
(8 - 89) and the intervention group was 30 (11 - 79). The SF-8 physical component 
summary (PCS) revealed the mean score in the usual care group was 42 (± 8.8) and 
the intervention group was 45 (± 8.3).  
The Tinetti gait and balance testing revealed the median score in the usual care 
group was 20 (7 – 28) and the intervention group was 24.5 (6 – 28). Specifically the 
balance score at baseline was 11 (5 – 16) for the usual care and 13.5 (4 – 16) for the 
intervention group. The gait score at baseline was 9 (2 – 12) for the usual care and 
10.5 (1 -12) for the intervention group. The range of ankle motion testing revealed 
the median score in the usual care group was 23 (9 – 50) and the intervention group 
was 31 (8 – 55). The baseline characteristics for the physical and functional measures 
are reported in Table 6-2. 
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Table 6-2. Baseline characteristics for the physical and functional measures 
 Entire 
cohort 
Usual care  Intervention test p 
 Mean (SD) t-test  
PCS1 43 (±8.5) 42 (±8.8)       45(±8.3) -1.42 0.14 
 Median (Range) Mann-
Whitney U 
 
ROAM2 29 (9-55) 23 (9-50) 31(8-55 ) 311 0.18 
YPAS3 
   Total Activity Index4 
 
28 (8 – 89) 
 
21 (8-89) 
 
30 (11-79)               
 
578 
 
0.06 
Tinetti gait and balance5 22 (6 – 28) 20 (7-28) 25 (6-28) 531 0.21 
IADL6 18 (7 – 18) 18 (7-18) 18 (7-18) 443 0.44 
1 Physical Component Summary Scale of the SF-8 survey, a health related quality of 
life measure. The scale is designed to have a mean of 50 where 0 indicates the lowest 
level of health and 100 indicates the highest level of health.   
2 Range of ankle motion – range 0 – 60 degrees, where higher scores indicate greater 
ankle range of motion 
3 Yale Physical Activity Survey 
4Total Activity Index = frequency x duration x weighting factor for activities 
(possible range 0 -137) 
5 Tinetti gait and balance score – range 0 – 28, where higher scores indicate greater 
balance and gait ability 
6 Lawton Independent Activities of Daily Living – range 0 - 8, where higher scores 
indicate greater independence 
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Twelve per cent of participants were noted to be at risk of depression with a 
GDS score of depressive symptoms > 4. The mental component summary (MCS) 
revealed the median score in the usual care group was 50 (26 – 65) and the 
intervention group was 53 (16 – 63). The baseline characteristics for the psychosocial 
measures are reported in Table 6-3. 
Twenty-three (37.1%) participants were currently employed or self-funded 
retirees while 38 (61.3%) received the aged or disability pension with 63% of 
participants having access to a health care card. Forty-four percent of participants 
lived alone. Only 4 participants (6.5%) were carers for another person.  
Prior to analysing the data to answer the research questions the participants’ 
data were checked for any baselines differences. There were no clinical or significant 
differences between the two groups for gender, medical, social, venous 
characteristics, physical, functional or health-related quality of life outcomes of the 
sample (See Appendix C for full details). 
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Table 6-3. Baseline characteristics for the psychosocial measures 
 Entire 
cohort 
Usual care  Intervention test p 
 Mean (SD) t-test  
GDS1 1.1 (±1.8) 1.3 (±2.1) 0.89 (±1.4) 0.96 0.34 
Self-efficacy for 
Exercise2 
4.5 (±1.4) 4.4 (±1.5) 4.6 (±1.3) -1.35 0.54 
General Self-efficacy 3 33 (±6.6) 31 (±5.5) 34 (±7.1) -1.44 0.28 
 Median (range) Mann-
Whitney U 
 
Fear avoidance beliefs4 9.3 (0-23) 11.1 (0 - 23) 7.5 (0 - 22) 301 0.06 
MCS 5 52 (26 – 65) 50 (26 -65) 53 (16 - 63) 427.5 0.91 
MOS Social Support 6 83 (19-95) 79 (19-95) 88 (40 - 95) 498.5 0.13 
Outcome expectations 7 3.5 (2 - 5) 3.4 (2 - 4) 3.5 (2 - 5) 542 0.26 
1 Geriatric Depression Scale Short Form – range 0 – 7, where higher scores indicate 
higher risk of depression 
2 Self-efficacy for exercise – range 1 –7 (averaged) , where higher scores indicate 
higher self-efficacy toward exercise 
3 General Self-Efficacy – scale from 10 – 40, where higher scores indicate greater 
levels of perceived self-efficacy 
4 Fear avoidance beliefs questionnaire – range 0 – 24, where higher scores indicate a 
higher level of fear 
5 Mental Component Summary Scale of the SF-8. The scale is designed to have a 
mean of 50 where 0 indicates the lowest level of health and 100 indicates the highest 
level of health.   
6  Medical Outcomes Study (MOS) Social Support Index – scale from 0 – 100, where 
higher scores indicate more support 
7 Outcome expectations for Exercise Scale  – range 1-5 (averaged), where higher 
scores indicate higher outcome expectation toward exercise 
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6.2.2 Comparison between participants completing and those discontinuing the 
study 
There were no significant or clinical differences between participants who 
completed (n = 59) the study and those who did not (n = 3) for demographic, medical, 
social, venous characteristics, physical activity, functional ability or health-related quality 
of life of the initial sample and those who were lost to follow up (See Appendix D). 
However, it was worth noting that having oedema (p = 0.07), those in lower compression 
(p = 0.09) and with a geriatric depression score greater than 4 (p = 0.07) were more likely 
to have missing data on healing at 12 weeks, although not significant due to low numbers. 
These differences suggest those participants who were less likely to tolerate higher levels 
of compression were more likely to have been lost to follow up or hospitalised. 
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6.3 EFFECTIVENESS OF THE INTERVENTION 
The following section reports the analyses undertaken to explore the primary 
research questions (1a - 6a). The effectiveness results for Study 2 are presented for the 
following measures: wound healing, physical activity (Yale Physical Activity Survey) 
functional ability (Tinetti gait and balance and range of ankle motion) and health-related 
quality of life outcomes (SF-8; physical and mental component scores).  
 
6.3.1 Wound healing 
The following analysis examined the data related to research question 1a which 
asked 
• Was there a significant difference in healing rates between the intervention and 
usual care group at twelve weeks? 
 
Of the sample, 63% had healed within 12 weeks, while 37% had not, which is 
consistent with the literature of 62%-76% healing rates within 12 weeks (Meagher et al., 
2012). Within the sample, 77% of those in the intervention group had healed compared to 
53% of those in usual care. A chi-square test for independence (with Yate’s Continuity 
Correction) indicated no significant difference in the proportion of those who healed in 
the intervention group compared with those in the usual care group, X2  (1, n = 59) = 2.75, 
p = 0.09. Although this difference was not statistically significant due to a smaller than 
expected sample size, a 23% difference in healing rates could be considered to be 
clinically significant (Sloan et al., 2002) as is highlighted in the discussion.  
As research question 1a had a binary outcome (healed or not healed at 12 weeks), a 
binary logistic regression model was chosen to determine whether the primary outcome 
was different between groups. This model presented in Table 6-4 shows that those in the 
intervention group compared to the usual care group participants were 2.97 times (95% 
CI: 0.97 – 9.13, p = 0.06) more likely to heal. While this was not a statistically significant 
difference it was approaching significance at 0.06. Clinical significance goes beyond 
statistical significance to identify whether the statistically significant difference is large 
enough to have implications for patient care (Sloan et al., 2002) and a patient being 2.9 
times more likely to heal is a good clinical outcome for a patient. 
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Table 6-4. Odds ratios (OR) and confidence intervals (CI) of associations between group 
and ulcer healing. 
 Model 1(n = 52)  
 B Undjusted OR 95% CI p  
Control 
Intervention 
Referent 
1.09 
 
2.97 
 
0.97 – 9.13 
 
0.06 
 
 
6.3.2 Physical activity  
The next analysis examined the data related to research question 2a which asked 
• Was there a significant difference in self-reported physical activity between 
the intervention group and usual care group at week 12? 
 
A repeated measures ANOVA was undertaken to examine the relationships 
between time, group and physical activity levels (using the Yale Physical Activity Survey 
[YPAS]). The analysis revealed no interaction effect between group and time, Wilks 
Lambada = 0.99 (F1, 56 = 0.61, p = 0.44), partial eta squared = 0.01. The main effect for 
comparing usual care to intervention was not significant (F1, 56 = 2.88, p = 0.09), partial 
eta squared = 0.05. However, there was a significant main effect for time, Wilks Lambada 
= 0.88 (F1, 56 = 7.41, p = 0.01). These results indicated that regardless of group, all 
participants increased their physical activity over time as shown in Figure 6-2. A 
summary of these results are presented in Table 6-5. 
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 Figure 6-2.Yale Physical Activity Survey by group over time  
 
6.3.3 Functional ability 
The next analysis examined the data related to research question 3a and 4a which 
asked  
• Was there a significant difference in baseline Tinetti gait and balance scores and 
week 12 scores between the intervention and the usual care group? 
• Was there a significant difference in baseline and week 12 range of ankle motion 
scores between the intervention and the usual care group? 
 
A repeated measures ANOVA was undertaken to examine the relationships 
between time, group and the gait and balance measure (using the tinetti total score). The 
analysis revealed no interaction effect between group and time, Wilks Lambada = 0.99 
(F1, 51 = 0.59 p = 0.45), partial eta squared = 0.01. The main effect for comparing usual 
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care to intervention was not significant (F1, 51 = 2.1, p = 0.15), partial eta squared = 0.04. 
There was no main effect for time Wilks Lambada = 0.96 (F1, 51 = 1.96, p = 0.17).  
When balance was analysed separately using a repeated measures ANOVA there 
was no interaction effect between group and time, Wilks Lambada = 0.99 (F1, 51 = 0.33, p 
= 0.57), partial eta squared = 0.01. The main effects for comparing group (F1, 51 = 0.91, p 
= 0.34), partial eta squared = 0.02) and time were both also not significant (F1, 51 = 1.96, p 
= 0.17), partial eta squared = 0.04. 
With regards to the specific testing of gait, a repeated measures ANOVA revealed 
no interaction effect between group and time Wilks Lambada = 0.99 (F1, 51 = 2.7, p = 
0.11), partial eta squared = 0.05. The main effect for comparing group (F1, 51 = 2.1, p = 
0.16), partial eta squared = 0.04 and time Wilks Lambada = 0.98 (F1, 51 = 0.63, p = 0.43), 
partial eta squared = 0.01. 
A repeated measures ANOVA was undertaken to examine the relationships 
between time, group and range of ankle motion. The analysis revealed no interaction 
effect between group and time Wilks Lambada = 0.93 (F1, 47 = 3.5, p = 0.07), partial eta 
squared = 0.07. The main effect for comparing usual care to intervention was also not 
significant (F1, 47 = 3.6, p = 0.06), partial eta squared = 0.07. However, there was a 
significant main effect for time Wilks Lambada = 0.92 (F1, 47 = 4.04, p = 0.05), partial eta 
squared = 0.08. These results indicated that regardless of group, all participants increased 
their range of ankle motion over time as shown in Figure 6.3.  
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 Figure 6.3. Range of ankle motion by group over time 
 
6.3.4 Health-related quality of life 
Research question No 5a and 6a asked  
• Was there a significant difference in the health-related quality of life physical 
component summary (PCS) between the intervention group and the usual care 
group at week 12? 
• Was there a significant difference in the health-related quality of life mental 
component summary (MCS) between the intervention group and the usual care 
group at week 12? 
 
A repeated measures ANOVA was undertaken to examine the relationships 
between time, group and PCS. The analysis revealed no interaction effect between group 
and time Wilks Lambada = 0.99 (F1, 53 = 0.14, p = 0.71), partial eta squared = 0.003. 
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The main effect for comparing group (F1, 53 = 2.32, p = 0.13), partial eta squared = 0.04 
or time Wilks Lambada = 0.99 (F1, 53 = 0.74, p = 0.39), partial eta squared = 0.01 was 
also not significant.  
A repeated measures ANOVA was undertaken to examine the relationships 
between time, group and MCS. The analysis revealed no interaction effect between group 
and time Wilks Lambada = 0.99 (F1, 53 = 0.06, p = 0.81), partial eta squared = 0.001. 
The main effect for group (F1, 53 = 0.01, p = 0.93), partial eta squared = <0.001 or time 
Wilks Lambada = 0.99 (F1, 53 = 0.11, p = 0.74), partial eta squared = 0.002 was also not 
significant. 
 
6.3.5 Summary of the effectiveness of the intervention 
The aim of Study 2 was to assess the effectiveness of an intervention program on 
improving the healing rates, physical activity levels, functional ability and quality of life 
outcomes for those randomised to a home-based progressive resistance exercise program. 
In terms of the primary outcome of healing, although statistical significance was not 
achieved clinical significance was observed with 77% of those in the intervention group 
healed by week 12 compared with 53% of the usual care group. Further to this, it was 
found that those in the intervention group, compared to the usual care group were 2.97 
times (95% CI: 0.97 – 9.13, p = 0.06) more likely to heal, although this finding was not 
statistically significant. These results need to be confirmed with a larger multi-site study 
as discussed in Chapter 8. 
No significant differences were noted for the interaction effect of group x time or 
the group effect alone for the secondary outcomes. However, a significant effect for time 
for YPAS and range of ankle motion indicated that regardless of group, all participants 
increased their physical activity over time and improved their range of ankle motion. It is 
recommended that researchers explore other analyses such as ‘per protocol or adherers 
only’ analyses to complement the pragmatic approach provided by ITT (Sheiner & Rubin, 
1995). The following section therefore considers a subset analysis that included only 
those participants who adhered to the intervention 75% or more of the time, that is an 
‘adherers only’ analysis. 
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Table 6-5. Summary of the effectiveness of the secondary outcomes 
Outcome Group x Time Time Group 
Yale Physical Activity Survey 0.44 0.01** 0.09 
Tinetti gait and balance score 0.45 0.17 0.15 
    Balance 0.57 0.17 0.34 
    Gait 0.69 0.43 0.68 
Range of ankle motion 0.07 0.05* 0.06 
Physical component summary 0.71 0.39 0.13 
Mental Component summary 0.81 0.74 0.93 
* Significant p < 0.05  ** Significant p < 0.01 
 
6.4 ADHERENCE TO THE INTERVENTION 
Adherence to the leg exercise protocol was self-reported and was previously 
defined in Section 5.2.9. At the end of each phone call it was written down by the PhD 
candidate what the recommendation was for type of leg exercises, sets, frequency and 
times per day (See Appendix B – Telephone Protocol for Intervention). Participants were 
then asked at subsequent telephone follow-up calls to report if they were performing the 
recommended leg exercises. It was then recorded if the participants were performing the 
exercises, i) none of the time, ii) some of the time or iii) most or all of the time, according 
to what had been prescribed in the previous phone session. In order to be classified as 
adherent participants needed to adhere to the leg exercises prescribed at least 75% of the 
duration of the intervention. 
Nineteen participants (59%) of the intervention cohort were adherent to the leg 
exercises more than 75% of the time. One participant in the intervention group reported 
doing the leg exercises some of the time, whereas 9 participants in the intervention group 
self-reported none or a little of the time for the leg exercise (28%), and there were 
missing data for three of the participants because one was hospitalised and two dropped 
out of the intervention. 
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The following section details information regarding the use of the predometer and 
the progression of participants through the intervention. This is followed by the ‘adherers 
only’ analysis which condiders the primary outcomes reported in Section 6.3 in relation to 
only those adhered to the intervention (n =19) compared to those in usual care (n = 28).  
 
6.4.1 Use of the pedometer 
Participants in the usual care group were provided with general instruction to walk 
regularly and perform calf exercises as per evidence based guidelines with no further 
instruction or strategies for motivation over the 12 week study period. However they 
received phone calls to collect their exercise data at the same timepoint as those in the 
intervention group. In contrast, participants of the intervention group were instructed on 
specific types of calf exercises with a set number of sets and repetitions to perform daily 
based on individual progression. In addition, advice was given in relation to target 
numbers of walking sessions per week. Detailed information has been written in the 
published protocol (See Section 5.3).  
Participants in the usual care and intervention group were both encouraged at 
baseline to record their steps as per their current activity patterns and record this value. It 
was then explained to participants that pedometers can be an ideal way of monitoring 
their exercise patterns as part of everyday living and that some people find this to a 
motivational tool. Participants were shown the activity diary to record their daily steps for 
the 12 weeks intervention period. However, the data for week 12 must be viewed with 
caution as only 30% of those in the intervention group used their pedometers for the 
duration of the intervention, compared to 10% of the usual care group (See Table 6-6). 
 
Table 6-6. Median step count by group and time-point 
 
 
Usual Care 
 Median (range) 
Exercise 
Median (range) 
Baseline 12 weeks Baseline 12 weeks 
Step count 
5567 
(1149 -13 013) 
6831 
(1130 – 9365) 
6556 
(1501 -12 250) 
8500 
(890 – 13124) 
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The reasons that the participants gave for the poor uptake of using the pedometers 
varied such as: 
• Participants considered them unreliable e.g participants would report “I 
looked at my pedometer and it only said x steps when I know I have done a 
lot more than that 
• Some participants especially those with arthritis found the pedometers too 
difficult to clip on their waist  
• The females in particular reported not being able to wear the pedometer due 
to clothing preferences, i.e. not having the capactity to clip pedometer to be 
in alignment with hip and/or not having a chest pocket 
• Participants would report forgetting to put the pedometer on in the morning 
 
6.4.2 Progression of participants through the intervention 
Of the 29 participants in the intervention group who completed the 12 week study 
program none of these participants reported any deleterious effects from participating in 
the exercise program. However, two participants in the intervention group stated they had 
a fall over the 12 week study period; both of these were unrelated to the home-based 
exercise program. Interestingly, both falls occurred when exiting the passenger seat of 
their vehicle at home. 
Upon review of the field notes taken by the researcher four common themes 
emerged from the intervention participants: 
• It was a positive factor that exercise was individually tailored individualised 
• The specific leg exercises were safe and easy to perform safe 
• Six participants in the intervention group felt they required more face to face 
support  
The main reasons participants shared for not adhering to the leg exercises ranged 
from health deterioration of their other chronic conditions, pain related to the leg ulcer, 
boredom or a general dislike for exercise and forgetting to do the exercises. 
Participants described a wide range of goals for the 12 week program such as 
weight loss, more motivation for walking, incorporate leg exercises, feel more confident 
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within themselves physically, better balance and increased strength. The dichotomous 
variable for whether the participants achieved their goals or not were not well understood 
and therefore was not included in analysis of the model in relation to SCT, this is 
discussed in Chapter 8 for further recommendations.  
Table 6-7 summarises individuals’ progression through the exercise program, 
highlighting the individual nature of the exercise program. Only one of the participants 
was able to reach the final stage of the exercise protocol, i.e. level 3 stage 4. Most 
participants did not regulate or manage their own exercise program. Seven participants 
actually increased their levels of sets or repetitions without guidance from the PhD 
Candidate and all of these participants scored highly on the self-efficacy for exercise 
scale and maintained a high level of intensity in relation to reported leg exercise program.  
The intensity of the exercise program was based on whether the participants by 
week 12 were able to achieve level 3 (defined as moderate to high intensity), if 
participants achieved level 2 or below, their status was defined as none or low intensity 
The following section presents the primary outcomes using the sub-set of 
participants [those who adhered to the exercise protocol in intervention group (n = 19) 
compared to all the participants in the usual care group (n = 28)] to measure the effect of 
adherence to the leg exercise protocol on outcomes. 
. 
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Table 6-7. Individuals’ progression through the exercise program 
 Baseline Week 2 Week 4 Week 6 Week 8 Week 12 
Participant 610, 
617, 620, 631, 
8003, 8011, 8015 
These participants did not participate in leg exercises nor walking program whilst on the intervention 
 
Participant 613 Only walked did not participate in the leg exercise program 
Participant 602, 
628 
Level 1 
Stage 1 
Level 1 
Stage 1 
Level 1 
Stage 2 
Level 1 
Stage 2 
Level 1 
Stage 3 
Level 1 
Stage 3 
Participant 603, 
605, 625, 636, 
8013 
Level 1 
Stage 1 
Level 1 
Stage 1 
Level 1 
Stage 2 
Level 1 
Stage 3 
Level 2 
Stage 1 
Level 2 
Stage 2 
Participant 623, 
8008 
Level 1 
Stage 1 
Level 1 
Stage 2 
Level 1 
Stage 4 
Level 2 
Stage 1 
Level 2 
Stage 2 
Level 2 
Stage 3 
Participant 606, 
609, 624, 633 
 
Level 1 
Stage 1 
Level 1 
Stage 1 
Level 2 
Stage 2 
Level 2 
Stage 3 
Level 2 
Stage 3 
Level 2 
Stage 4 
Participant 616, Level 1 Level 1 Level 1 Level 2 Level 2 Level 3** 
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634, 7001, 7004, 
8006 
Stage 1 Stage 2 Stage 2 Stage 3 Stage 4 Stage 1 
Participant 614, 
638, 8005 
Level 1 
Stage 1 
Level 1 
Stage 2 
Level 2 
Stage 2 
Level 2 
Stage 4 
Level 3 
Stage 1 
Level 3** 
Stage 2 
Participant 7002  Level 1 
Stage 1 
Level 1 
Stage 2 
Level 2 
Stage 2 
Level 2 
Stage 4 
Level 3 
Stage 1 
Level 3** 
Stage 2 
Participant 7007 Level 1 
Stage 1 
Level 1 
Stage 3 
Level 2 
Stage 2 
Level 2 
Stage 4 
Level 3 
Stage 1 
Level 3** 
Stage 3 
Participant 7008 Level 1 
Stage 1 
Level 1 
Stage 4 
Level 2 
Stage 1 
Level 2 
Stage 4 
Level 3 
Stage 1 
Level 3** 
Stage 4 
** defined as high intensity in performance as reached final level of the leg exercise program 
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6.4.3 Wound healing 
As previously reported (See Section 6.3.1) a chi-square test for independence (with 
Yate’s Continuity Correction) indicated no significant difference in the proportion of 
those who healed in the intervention group compared with those in the usual care group, 
X2  (1, n = 59) = 2.75, p = 0.09. However, a subset analysis was undertaken which 
included only those participants in the intervention group who adhered to the exercise 
protocol (n = 19) compared to all the participants in the usual care group (n = 28). 
A chi-square test for independence (with Yate’s Continuity Correction) indicated a 
significant difference in the proportion of those who healed between those who were 
adherent in the intervention group compared with those in the usual care group, X2 (1, n = 
47) = 7.31, p = 0.001. Only 19 out of 31 participants in the intervention adhered to the 
exercise protocol; however it is of statistical and clinical significance to note that of those 
19 who adhered, 18 healed during the 12 week intervention. It must be noted however, 
that due to small group sizes, these data must be viewed with caution. As Research 
Question 1b had a binary outcome (healed or not healed at 12 weeks), a binary logistic 
regression model was chosen to determine whether the primary outcome was different 
between those who adhered to the intervention and those in the usual care group. This 
model presented in Table 6-8 found for ‘adherers only’ in the intervention group there 
was a 2.75 times more likely chance of healing than those in the usual care group. 
 
Table 6-8. Odds ratios (OR) and confidence intervals (CI) of associations between those 
who adhered to the intervention and ulcer healing. 
 Model 1(n = 52)  
 B Undjusted OR 95% CI P  
Usual care 
Intervention 
Referent 
2.75 
 
15.6 
 
1.8 – 133 
 
0.01 
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6.4.4 Physical activity 
A repeated measures ANOVA revealed no interaction effect between group and 
time, Wilks Lambada = 0.96 (F1, 45 = 1.67, p = 0.20), partial eta squared = 0.04. The main 
effect for comparing the usual care group to ‘adherers’ of the intervention was significant 
(F1, 45 = 4.26, p = 0.04), partial eta squared = 0.09, suggesting there is a significant 
difference between groups, but not that one group improved significantly more than the 
other. However, there was also a main effect for time, Wilks Lambada = 0.84 (F1, 45 = 
8.31, p = 0.01) with both groups improving their physical activity levels over time, as 
shown in Figure 6-.  
 
 
Figure 6-4. Adherers versus usual care for Yale Physical Activity Survey 
 
6.4.5 Functional ability 
A repeated measures ANOVA for the tinetti gait and balance combined score 
revealed no interaction effect between group and time, Wilks Lambada = 0.99 (F1, 43 = 
0.11 p = 0.75), partial eta squared = 0.002. The main effect for group was significant (F1, 
43= 4.5, p = 0.04), partial eta squared = 0.09, as shown in Figure 6-. There was no main 
effect for time Wilks Lambada = 0.98 (F1, 43 = 0.89, p = 0.33), partial eta squared = 0.02. 
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Figure 6-5. Adherers versus usual care for the Tinetti Gait and Balance Score 
 
A repeated measures ANOVA for the separate balance score revealed no interaction 
effect between group and time Wilks Lambada = 0.99 (F1, 43 = 0.06, p = 0.81), partial eta 
squared = 0.001. There was no main effect for group (F1, 43 = 1.97, p = 0.17), partial eta 
squared = 0.04 or time Wilks Lambada = 0.98 (F1, 43 = 1.08, p = 0.31), partial eta squared 
= 0.02.  
A repeated measures ANOVA for the separate gait score revealed no interaction 
effect between group and time Wilks Lambada = 0.95 (F1, 43 = 2.4, p = 0.13), partial eta 
squared = 0.05. The main effects for comparing group (F1, 51 = 5.5, p = 0.20), partial eta 
squared = 0.01 and time Wilks Lambada = 1.0 (F1, 43 = 0.002, p = 0.96), partial eta 
squared = <0.001 were not significant.  
A repeated measures ANOVA for the range of ankle motion score revealed no 
interaction effect between group and time, Wilks Lambada = 0.92 (F1, 40 = 3.41, p = 0.07), 
partial eta squared = 0.08. The main effect for comparing group was significant (F1, 40 = 
3.9, p = 0.05), partial eta squared = 0.09, as shown in Figure 6-6. There was no main 
effect for time Wilks Lambada = 0.09 (F1, 40 = 3.9, p = 0.06), partial eta squared = 0.09.  
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 Figure 6-6. Rangle of ankle motion 
 
6.4.6 Health-related quality of life 
A repeated measures ANOVA for the PCS score revealed no interaction effect 
between group and time Wilks Lambada = 0.98 (F1, 42 = 1.02, p = 0.32), partial eta 
squared = 0.02. The main effect for comparing usual care to intervention was significant 
(F1, 42 = 5.07, p = 0.03), partial eta squared = 0.11, suggesting there is a significant 
difference between groups, but not that one group improved significantly more than the 
other, as shown in Figure 6-. There was no main effect for time Wilks Lambada = 0.95 
(F1, 42 = 2.04, p = 0.16), partial eta squared = 0.05. 
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 Figure 6-7. SF-8 Physical Component Summary Score 
 
A repeated measures ANOVA for the MCS score revealed no interaction effect 
between group and time Wilks Lambada = 0.99 (F1, 42 = 0.14, p = 0.71), partial eta 
squared = 0.003. The main effect for group (F1, 42 = 0.008, p = 0.93), partial eta squared = 
<0.001 and time Wilks Lambada = 1.0 (F1, 42 = 0.01, p = 0.94), partial eta squared = 
<0.001 were also not significant. A summary of the secondary outcomes is provided in 
Table 6-9. 
 
6.4.7 Summary of the analyses for those who were adherent to the intervention 
The analyses for those who adhered to the leg exercises compared to the usual care 
group showed that for those who adhered to the intervention more than 75% of the time 
there was a significant difference in wound healing between groups (p = 0.001). For those 
who adhered to the leg exercises more than 75% of the time compared to the usual care 
group participants were 15.6 times (95% CI: 1.8 – 133, p = 0.01) more likely to heal by 
week 12. 
No significant differences were noted for the interaction effect of group x time for 
the secondary outcomes. However, a significant effect for time for the Yale Physical 
Activity Survey indicated that regardless of group, all participants increased their physical 
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activity across the 12 week period. A significant effect for group was noted between Yale 
Physical Activity Survey, the combined Tinetti and gait balance measure, as well as range 
of ankle motion and PCS. The data indicated that, regardless of time, adherers in the 
intervention group had better/higher scores on these measures that those in the usual care 
group.  
The following Section 6.5 allows for further analysis of contributing factors that 
may have influenced wound healing, physical activity, functional ability and quality of 
life outcomes for the entire cohort.  
 
Table 6-9. Summary of secondary outcomes for adherers only compared to usual care 
Outcome Group x Time Time Group 
Yale Physical Activity Survey 0.20     0.01**    0.04* 
Tinetti gait and balance score 0.75 0.33    0.04* 
    Balance 0.81 0.31     0.17 
    Gait 0.13 0.96 0.20 
Range of ankle motion 0.07 0.06 0.05 
Physical component summary 0.32 0.16   0.03* 
Mental Component summary 0.71 0.94 0.93 
* Significant p < 0.05  ** Significant p < 0.01 
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6.5 EXPLORATORY ANALYSES 
Wound healing is a complex phenomenon and there are often inter-related factors 
which influence healing. Therefore, secondary outcomes explored other factors that may 
have affected healing, physical activity, functional ability and health-related quality of 
life. 
 
6.5.1  Wound healing 
Research question 1b asked 
• What other factors predicted whether a wound would heal by 12 weeks in this 
sample? 
 
As the outcome variable was binary (wound healed yes/no), and there was a 
mixture of continuous and categorical predictor variables, binary logistic regression 
model was used to analyse the variables’ independent influence on healing and to 
determine relationships between ulcer healing and predictor variables. The absence of 
collinearity is assumed for logistic regression. It was considered possible that some of the 
independent variables were measuring the same or very similar concepts (e.g. whether a 
person required a walking aid (yes/no) and the Tinetti gait and balance score which is a 
test for agility. These variables were tested for collinearity to determine the degree of 
redundancy prior to multivariable modelling. 
This analysis involved examining correlations between predictor variables of 
interest and the binary outcome. Appendix E details all the variables that were 
significantly associated with healing at the bivariate level. A number of the predictor 
variables were significantly correlated and there was a high risk of collinearity (See 
Appendix F for full details). These variables included; use of a walking aid and the total 
for the Tinetti score (correlation coefficient = -0.701 p = <.001) therefore only one 
variable was chosen to go into the logistic regression model to test what other factors 
predicted healing. The total Tinetti score was chosen as it is a more objective measure 
than walking aid. Baseline area and PUSH score were also significantly correlated 
(correlation coefficient = 0.946 p = <.001). Baseline area was entered into the model due 
to less missing data. Wound duration in weeks and wound greater than 24 weeks were 
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also significantly correlated (correlation coefficient = -0.821 p = <.001). Wound duration 
was chosen as it is well validated in the literature as a predictor of healing (Margolis et 
al., 1999).  These variables plus all remaining variables (group, any venous surgery, 
atrophie blanche, GDS > 4, ROAM, calf circumference, ulcer area, ulcer duration, YPAS, 
Tinetti and PCS) associated with healing (p<0.05) were entered simultaneously into a 
multivariable logistic regression model presented in Table 6-10.  
A second model retaining only the variables that remained significant (p < 0.05) 
after controlling for all independent variables entered is presented in Table 6-10  for more 
precise estimates. This model found for each unit increase in the Tinetti score (6 to 30) 
participants were 1.25 times (95% CI: 1.1 – 1.43, p = 0.001) more likely to heal with all 
other variables unchanged. Atrophie Blanche was inversely associated with healing with 
those with Atrophie Blanche 6.7 times less likely to heal (95% CI: 0.02 – 0.8, p = 0.03). 
A Geriatric Depression Scale score greater than 4 (scale 0-7, greater than 4 representing 
more likely depressive symptoms) was also inversely associated with healing with those 
participants 24 times less likely to heal (95% CI: 0.003-0.675, p = 0.025). Group was 
retained in the model even though there was no significant effect (p = 0.16) as it was 
noted that those in the intervention group had a 3.42 times more likely chance of healing 
(95% CI: 0.61 – 19.24).  
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Table 6-10. Odds ratios (OR) and confidence intervals (CI) of associations between independent variables and ulcer healing for the initial 
model (Model 1) and parsimonious model (Model 2). 
 Model 1(n = 48)  Model 2 (n = 52) 
 B Adjusted OR 95% CI p  B Adjusted OR 95% CI p 
Intervention 1.48 4.38 0.5- 38.84 0.19  1.23 3.42 0.61 – 19.24 0.16 
Atrophie Blanche -2.4 0.09 0.08 – 1.0 0.05  -2.06 0.13 0.019 – 0.85 0.033 
GDS > 41 -2.6 0.072 0.001 – 5.105 0.23  -3.12 0.04 0.003 – 0.675 0.025 
Tinetti score2 .14 1.15 0.98 – 1.35 0.09  0.22 1.25 1.1 – 1.43 0.001 
Any surgery/trauma 2.1 8.15 0.86 – 76.82 0.07      
Area of ulcer (cm2) -.04 0.96 0.85 – 1.08 0.52     
Range of ankle motion .081 1.08 0.96 – 1.23 0.21      
YPAS3 .019 1.1 0.96 – 1.08 0.51      
1 Geriatric depression score greater than 4 (0-7) 2 Tinetti gait and balance score (0- 28) 3 Yale Physical Activity survey (0- 100) 
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6.5.2 Physical activity 
Research question 2b asked  
• What other factors predicted self-reported physical activity by 12 weeks 
in this sample? 
 
In response to research question 2b bivariate correlations were used to 
determine the IVs to be selected for inclusion in the linear mixed models. Appendix 
G summarises those variables that were significant with the YPAS Activity Index. 
Based on the selection process described in the multivariate analysis section 
(See Section 5.2.9.1), IVs selected for inclusion in the linear mixed model for YPAS 
were: group, time, site recruited, Tinetti score, Self-Efficacy for Exercise, Outcome 
Expectations for Exercise and Fear Avoidance Beliefs. As walking aid and the total 
for the Tinetti score were highly correlated (-0.701 = < .001) only one variable was 
able to be chosen to go into the model. The total Tinetti score was chosen as it is a 
more objective measure than using a walking aid and this was measured at baseline 
and week 12. 
The linear mixed model had a random intercept and did not have different 
residual variances at each time point. Random effects were site recruited and subject. 
Fixed covariates in this model were: group, time, Tinetti score and outcome 
expectations. The AIC for this model was 635.6. A significant effect of the Tinetti 
score (p <.001) and outcome expectations (p = 0.01) was detected in this model but 
the effect of group and time on YPAS were not significant. The “estimates of fixed 
effects” table provides information about individual parameters as well as standard 
errors and confidence intervals (See Table 6-11). 
The coefficient values show that for a unit increase in the Tinetti score, YPAS 
would improve by 1.32 units (95% CI: 0.66 to 1.99). In addition for a unit increase in 
the outcome expectations for exercise score, YPAS would improve by 1.45 units 
(95% CI: 0.6 - 2.2). 
The combination of linear mixed modelling and bivariate analyses showed that 
there were no significant changes in YPAS over time or between groups. The effect 
of the Tinetti gait and balance score and outcome expectations for exercise score, 
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indicate that greater mobility scores and beliefs about exercise were related to 
improving physical activity levels. 
 
Table 6-11. Estimates of fixed effects for Yale Physical Activity Survey 
 95% 
Confidence 
Interval 
Paramater Estimate Std 
Error 
Df t Sig Lower 
bound 
Upper 
bound 
Intercept -40.76 14.39 52.68 -2.8 0.007 -69.64 -11.89 
Intervention .13 4.76 51.45 -.03 0.98 -9.7 9.43 
Time  4.72 4.08 30.48 1.16 0.26 -3.6 13.04 
Tinetti Score1 1.32 0.33 58.34 3.99 <0.001 0.66 1.98 
Outcome expectations 
for exercise2 
1.45 0.42 64 3.45 0.001 0.61 2.3 
1 Tinetti Score1– range 0 – 28, where higher scores indicate greater balance and 
gait ability 
2 Outcome expectations for exercise – range 1 – 5 (averaged), where higher 
scores indicate higher outcome expectation toward exercise 
 
6.5.3 Functional ability 
Research questions 3b and 4b asked 
• What other factors predicted the Tinetti gait and balance measure by 12 
weeks in this sample? 
• What other factors predicted the range of ankle motion measure by 12 weeks 
in this sample? 
 
In response to research question 3b bivariate correlations were used to 
determine the IVs to be selected for inclusion in the linear mixed models. Appendix 
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H summarises those variables that were significant with the gait and balance score. 
The significance of this change was examined in the linear mixed model. The IVs 
selected for inclusion in the linear mixed model for gait and balance were: group, 
time, site, gender, osteoarthritis, Self-Efficacy for Exercise, mental component 
summary, YPAS. As walking aid and the total for the Tinetti score (correlation 
coefficient = -0.701 p = <.001) were highly correlated walking aid was not included 
in this model. Peripheral vascular disease and site recruited were also highly 
correlated (correlation coefficient = 0.68 p = <.001) and therefore only site was 
included as this is a random effect.  
The linear mixed model had a random intercept, and did not have different 
residual variances at each time point. Random effects were: site recruited and 
subject. Fixed covariates were: group, time, osteoarthritis and YPAS. The AIC for 
this model was 480.89. A significant effect of time (p = 0.046), osteoarthritis (p = 
0.002) and YPAS (p = 0.001) were detected in this model but the effect of group on 
the Tinetti score were not significant.  
The “estimates of fixed effects” table provides information about individual 
parameters as well as standard errors and confidence intervals (See Table 6-12). 
The coefficient values show that for someone who has osteoarthritis the Tinetti score would 
decrease by 4.7 units (95% CI: -7.6 to -1.89). 
In addition a unit increase in the YPAS score, the tinetti score would increase by 
0.09 units (95% CI: 0.04 – 0.15). 
The combination of linear mixed modelling and bivariate analyses showed that 
there were no significant changes in the tinetti score between groups, however there 
was a significant effect over time. The effect of osteoarthritis and the YPAS score, 
indicate the need for physical assessment of this patient population given the Tinetti 
score is as a predictor of VLUs to heal in this study.  
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Table 6-12. Estimates of fixed effects for gait and balance (Tinetti score) 
 95% Confidence Interval 
Paramater Estimate Std 
Error 
Df T Sig Lower 
bound 
Upper 
bound 
Intercept 17.91 1.72 66.78 10.4 <0.001 14.48 21.35 
Intervention 0.90 1.4 53.91 0.64 0.52 -1.9 3.71 
Time  1.54 0.74 26.7 2.1 0.046 0.03 3.05 
Osteoarthritis -4.7 1.42 53.18 -3.3 0.002 -7.6 -1.89 
Yale 
Physical 
Activity 
Score1 
 
 
0.09 
 
 
0.03 
 
 
65.93 
 
 
3.5 
 
 
0.001 
 
 
0.04 
 
 
0.15 
1 Yale Physical Activity Score - Total Activity Index = frequency x duration x 
weighting factor for activities (possible range 0 -137) 
 
In response to research question 4b bivariate correlations were used to 
determine the IVs to be selected for inclusion in the linear mixed models. Appendix I 
summaries those variables that were significant with range of ankle motion score. 
The IVs selected for inclusion in the linear mixed model for range of ankle motion 
were: time, group, age, MCS and antihypertensive (See Table 6.15). As walking aid 
and range of ankle motion (correlation coefficient = -0.6 p = <.001) were highly 
correlated walking aid was not included in this model.  
The linear mixed model had a random intercept, and did not have different 
residual variances at each time point. Random effects were: site recruited and 
subject. Fixed effects were: group, time, age and antihypertensives. The AIC for this 
model was 636.96. A significant effect of time (p = 0.002), antihypertensives (p = 
0.007) and age (p =0.03) was detected in this model but the effect of group on 
ROAM was not significant (p = 0.11). 
The “estimates of fixed effects” table provides information about individual 
parameters as well as standard errors and confidence intervals (See Table 6-13). 
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The coefficient values show that for a unit increase in age, ROAM 
would decrease by 0.22 units (95% CI: -14.7 to -2.5) and for a person who is taking 
antihypertensive medication, ROAM would decrease by 8.6 
units (95% CI: -0.43 - -0.02).The coefficient values show that over time, ROAM 
would increase by 4.8 units (95% CI: 1.96 – 7.57) and for those in the intervention 
group, ROAM would increase by 4.7 units over time (95% CI: -1.06 – 10.54). 
The combination of linear mixed modelling and bivariate analyses showed that 
there were no significant changes in ROAM between groups. However, over time 
there was a significant improvement, suggesting that both groups improved their 
ROAM. The effect of age is negatively associated with ROAM which is well 
documented in the literature (Dix, Brooke, & McCollum, 2003) and this study 
showed a negative association between antihypertensive medication and ROAM. 
These factors may be an important consideration for health professionals developing 
interventions and supporting adults with VLUs. 
 
Table 6-13. Estimates of fixed effects for range of ankle motion 
 95% Confidence 
Interval 
Paramater Estimate Std 
Error 
Df T Sig Lower 
bound 
Upper 
bound 
Intercept 42.63 7.52 55.1 5.7 0.00 27.55 57.7 
Time 4.77 1.4 30.5 3.5 0.002 1.96 7.57 
Intervention 4.74 2.88 50.6 1.6 0.11 -1.06 10.54 
Age -0.22 0.1 48.8 -2.3 0.03 -0.43 -0.024 
Antihyperstensives -8.6 3.03 48.7 -2.8 0.007 -14.7 -2.5 
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6.5.4 Health-related quality of life 
Research question No 5b and 6b asked  
• What other factors contributed to the physical health-related quality of life at 
week 12 in this sample? 
• What other factors contributed to the mental health-related quality of life at 
week 12 in this sample? 
 
In response to research question 5b bivariate correlations were used to 
determine the IVs to be selected for inclusion in the linear mixed model. Appendix J 
summarises those variables that were significantly correlated with the SF-8 Physical 
Component score. The IVs selected for inclusion in the linear mixed model for range 
of ankle motion were: group, time, activities of daily living score, Fear avoidance 
beliefs, Geriatric Depression Scores, chronic pulmonary disease and autoimmune 
disease. 
The linear mixed model had a random intercept, and did not have different 
residual variances at each time point. Random effects were site recruited and subject. 
Fixed effects were: time, group, chronic pulmonary disease and autoimmune disease. 
The AIC for this model was 650.03, and as it was less complex, this model was 
selected for parsimony. No significant effect of time or group was detected in this 
model. However, significant effects for autoimmune disease (p = 0.03) and chronic 
pulmonary disease (p = 0.025) were observed. 
The “estimates of fixed effects” table provides information about individual 
parameters as well as standard errors and confidence intervals (See Table 6-14). The 
coefficient values show that for a person who had autoimmune disease, their PCS 
would decrease by 8.1 units (95% CI: -15.48 to -0.72). In addition, for a person who 
had chronic pulmonary disease, their PCS would decrease by 7.8 units (95% CI: -
14.62 - -1). 
The combined results of the linear mixed modelling and bivariate analyses 
showed that there were no significant changes in PCS over time or between groups. 
However, this study showed a negative association between autoimmune disease and 
chronic pulmonary disease and its effect on PCS. These factors may be an important 
consideration for health providers when developing interventions. 
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Table 6-14. Estimates of fixed effects for Physical Component Summary 
 95% Confidence 
Interval 
Paramater Estimate Std 
Error 
Df T Sig Lower 
bound 
Upper 
bound 
Intercept 42.5 2.31 67.12 18.36 <0.001 37.89 47.12 
Intervention 1.46 2.1 51.4 0.69 0.49 -2.75 5.67 
Time  1.33 1.35 39 0.98 0.33 -1.41 4.1 
Autoimmune 
disease 
-8.1 3.7 49.54 -2.21 0.03 -15.48 -0.72 
Chronic Pulmonary 
disease 
-7.81 3.39 52.94 -2.3 0.025 -14.62 -1.0 
 
 
In response to research question 6b bivariate correlations were used to 
determine the IVs to be selected for inclusion in the linear mixed models for the 
mental health component. Appendix K summarises those variables that were 
significant with the SF-8 Mental Component score. The IVs selected for inclusion in 
the linear mixed model were: group, time, geriatric depression score, site, 
osteoarthritis, analgesics, any trauma, walking aid. No covariates were at risk of 
collinearity. 
The linear mixed model had a random intercept, did not have different residual 
variances at each time point and the covariate in this model was the geriatric 
depression score. The AIC for this model was 733.5. No significant effect of time or 
group was detected. The “estimates of fixed effects” table provides information 
about individual parameters as well as standard errors and confidence intervals (see 
Table 6-15). The coefficient values show that for a unit increase in the geriatric 
depression score, MCS would decrease by 2.4 units (95% CI: -3.4 to -1.4).  
The combination of linear mixed modelling and bivariate analysis showed that 
there were no significant changes in MCS over time or between groups. However, 
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this analysis showed a higher geriatric depression score negatively affected the 
mental health component score.  
 
Table 6-15. Estimates of fixed effects for Mental Component Summary 
 95% Confidence 
Interval 
Paramater Estimate Std 
Error 
Df T Sig Lower 
bound 
Upper 
bound 
Intercept 49.34 2.25 47.96 21.89 <0.001 44.81 53.87 
Intervention -1.24 1.99 47.06 -0.62 0.54 -5.26 2.77 
Time  -2.11 1.69 47.2 -1.24 0.22 -5.52 1.30 
Geriatric 
depression score 
-2.39 0.50 76.37 -4.74 <0.001 -3.4 -1.4 
 
6.5.5 Relationship between the social cognitive constructs, healing and 
adherence 
In order to examine the theoretical framework factors associated with 
adherence the following constructs of SCT were measured: self-efficacy and 
outcome expectations. Originally it was planned that a structural equation model 
would be performed however due to smaller numbers than originally anticipated this 
type of analysis was deemed inappropriate. Therefore, the relationship between self-
efficacy for exercise, outcome expectancies for exercise, fear avoidance beliefs and 
adherence and progress in healing were explored from a bivariate analysis level 
Table 6-16 is shown below. 
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Table 6-16. Correlation between social cognitive constructs, healing and adherence 
for the entire cohort 
  SEE1 OEE2 FAB3 Adherence 4Wound  
healed  
by 12 
weeks5 
1. Self-efficacy for exercise 
(SEE)1 
 .55** -.24 0.14 .14 
2. Outcome expectations for exercise 
(OEE)2 
-  -.44* .31* .02 
3. Fear avoidance beliefs 
(FAB)3 
- -  -.18 -.09 
4. Adherence to exercise program 
 (> 75% of the time) 
- - -  .46** 
** correlation is significant at the 0.01 level (2-tailed) * correlation is significant at 
the 0.05 level (2-tailed) 
1 Self-efficacy for exercise – range 1 – 7 (averaged), where higher scores indicate 
higher self-efficacy toward exercise 
2 Outcome expectations for Exercise Scale - – range 1- 5 (averaged), where higher 
scores indicate higher outcome expectation toward exercise 
3 Fear avoidance beliefs questionnaire – range 0 – 24, where higher scores indicate a 
higher level of fear 
 
As shown in Table 6-16 above, although correlations exist between SCT 
factors there is no question of multi-collinearity. As expected there was a relationship 
between Self-Efficacy for Exercise and Outcome Expectations for Exercise 
(correlation coefficient .549**) However, Self-Efficacy for Exercise did not correlate 
with healing or adherence to an exercise program. In direct contrast to this, Outcome 
Expectations for Exercise at the bivariate level correlated with adherence (correlation 
coefficient .298**) and adherence correlated with wound healing (correlation 
coefficient .456**) indicating a possible pathway to healing which would need to be 
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further explored in a study with greater participants. The self-efficacy aspects are 
further discussed in Chapter 8. 
 
6.5.6  Summary for the exploratory analyses 
The aim of Study 2 was to assess the effectiveness of the intervention on 6 
selected outcomes which were presented in Section 6.3. Secondary research 
questions were developed to explore what other factors may have may have 
influenced the outcomes.  
The results indicate for wound healing factors such as Atrophie Blanche or a 
Geriatric Depression Score greater than 4 are inversely associated with healing. 
Whereas a higher Tinetti gait and balance score is positively associated with healing.   
The effect of the Tinetti gait and balance score and outcome expectations for 
exercise score, indicated that greater mobility scores and beliefs about exercise are 
related to improving physical activity levels. The effect of osteoarthritis and the 
YPAS score, indicated the need for physical assessment of this patient population 
given the Tinetti score is as a predictor of VLUs to heal in this study. The effect of 
age is negatively associated with ROAM and this study showed a negative 
association between antihypertensive medication and ROAM.  
This study showed a negative association between autoimmune disease and 
chronic pulmonary disease and its effect on PCS and a higher geriatric depression 
score negatively affected the mental health component score. 
 
6.6 SUMMARY 
The purpose of Study 2 was to determine the effectiveness of a self-
management exercise intervention in improving the healing rates of adults with 
VLUs. Six primary research questions guided this study with the aim of determining 
the effectiveness of the intervention on improving healing, physical activity, 
functional ability and quality of life outcomes between those randomised to the 
intervention group compared to those randomised to a usual care group receiving 
usual care. A per protocol or ‘adherers only’ analysis supplemented the effectiveness 
or ITT analysis to show the impact of adherence on an exercise program. In addition 
174
to this six secondary research questions explored other factors that may have 
influenced the primary and secondary outcomes to explore the multi-faceted aspect 
of wound care and the patients with VLUs.  
The ITT (effectiveness analysis) analysis showed that there was no significant 
difference between groups over time in healing rates; however, a clinical difference 
in healing rates was evident. In the current study 63% of VLUs healed within 12 
weeks; 77% of those in intervention group healed compared to 54% of those in the 
usual care. Those in the intervention group were 2.9 times more likely to heal than 
those in the usual care group which is clinically significant although this did not 
reach statistical significance. An ‘adherers only’ analysis showed that those who 
adhered to this intervention were significantly more likely to heal.  
An ANOVA for the remaining primary outcomes revealed a significant effect 
for time for the physical activity score, gait and range of ankle motion indicating that 
the education provided on recruitment and the attention effect of ringing the usual 
care group at the same time points may be enough to influence various outcomes. 
There was a group effect for the physical activity score, overall Tinetti gait and 
balance score, range of ankle motion and the physical component summary of the 
SF-8 score but there was no interaction effect, suggesting there is a significant 
difference between groups, but not that one group improved significantly more over 
time than the other.  
The secondary outcomes explored potential confounders to the primary 
outcomes that need to be considered as this is a patient population with complex 
needs. These results will be further discussed in Chapter 7. 
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Chapter 7: Discussion of Study 2 
7.1 INTRODUCTION 
The previous chapter outlined the results of data analyses from the randomised 
controlled trial (Study 2) which tested and evaluated a self-management exercise 
program for adults with VLUs. In this chapter the findings of this trial are discussed 
in relation to the research questions (See Section 1.4) which guided this aspect of the 
study.  
Exercise as an adjunct treatment has been overlooked in current wound 
management practice. At best clients are encouraged to exercise but few are given 
specific instruction on how to exercise. Clients report that they want to know the 
direct benefit of exercising for them when they have an open wound as there is 
considerable fear surrounding exercising whilst having a wound (Roaldsen et al., 
2009). Few studies have examined healing rates with open VLUs using a structured 
exercise program (Heinen et al., 2012; Jull et al., 2009; O'Brien et al., 2013). Only 
one study has measured adherence to a self-management program (Heinen et al., 
2012) however it was not clear how adherence was defined.  
The purpose of Study 2 was to determine the effectiveness of a self-
management exercise intervention and determine if there were any differences in 
wound healing, physical activity, functional ability outcomes and quality of life 
between those randomised to the intervention group compared to those in a control 
group receiving usual care. The following Section 7.2 discusses the effectiveness of 
Study 2 in relation to the following areas: wound healing, physical activity, 
functional ability and quality of life. The individual primary research questions 
focusing on the effectiveness of the intervention were examined by binary logistic 
regression (research question 1a) and repeated measures ANOVAs (research 
question 2a, 3a, 4a, 5a and 6a). Then Section 7.3 explores the ‘adherers only’ 
analyses which highlight the importance of adherence. The Chapter concludes with 
Section 7.4 which includes a presentation of the results for the secondary outcomes 
which the research questions were examined by binary logistic regression (research 
question 1b) or linear mixed models (research questions 2b, 3b, 4b, 5b and 6b). 
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7.2 EFFECTIVENESS OF THE INTERVENTION 
7.2.1 Wound healing 
As reported in Chapter 6, participants who received a home-based exercise 
self-management in addition to usual care (compression therapy plus wound care) as 
an intervention demonstrated a trend toward healing at a faster rate compared to 
participants in the usual care group. The study, as originally designed, required a 
sample size of 55 per group for 80% power and alpha 0.05, however as only 63 
participants were enrolled, the study was underpowered to detect an effect.  
In the present study, the overall healing rate following 12 weeks of 
compression therapy was 63%. Seventy-seven percent of those in the intervention 
group healed by 12 weeks compared to 54% who healed in the usual care group. The 
non-significance of this again relates to the study being underpowered. 
It should be noted that the overall healing rates in this study were similar to 
that in previous studies. An experimental study of prescribed walking and multilayer 
compression bandaging (Meagher et al., 2012) reported between 76 - 83% of ulcers 
healed at 12 weeks. Another randomised controlled trial (Partsch et al., 2001) found 
that at 16 weeks, 62% of venous ulcers healed with four-layer bandaging and 73% 
with short-stretch bandaging.  
In response to research question 1a (Was there a significant difference in 
healing rates between the intervention and usual care group at twelve weeks?) a 
binary logistic model was chosen to determine whether the primary outcome was 
different between groups. The results indicated that those in the intervention group 
compared to usual care group participants were 2.9 times more likely to heal. While 
this was not a statistically significant difference it was approaching significance at p 
= 0.06. It is of clinical significance to note that those in the intervention group were 
nearly 3 times more likely to be healed at week 12 compared to those in the usual 
care group.  
This study highlights the difficulty in engaging people with VLUs in exercise 
whilst undergoing current treatment. As outlined in Figure 6.1, 26 adults when 
approached did not want to participate in an exercise research study and 41 were 
unable to be followed up due to distance required to travel to clinic appointments or 
illness. The PhD Candidate’s pilot study indicated that people preferred a home-
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based exercise program, and it was rationalised that a telephone based intervention 
may improve recruitment rates, however this was not the case. 
The only other studies to measure healing as an outcome in an exercise study 
have reported mixed outcomes with varying endpoints making direct comparison 
difficult. Jull et al (2010) reported no significant differences in ulcer healing 
parameters (change in area, percentage change in area, number healed at 12 weeks, 
time to healing). Whereas Heinen et al., (2012) reported the intervention group had 
less wound days (p < 0.01) and Meagher et al., (2012) observed that participants who 
took more steps at both the baseline and 4-week assessment healed more quickly 
than those who took fewer steps (p = 0.052 and (p = 0.008) for baseline and week 4, 
respectively).  
In order to promote the positive benefits of exercise for adults with VLUs, it is 
important to gain an overall perspective on physical activity levels. The next section 
discusses the hypothesis in relation to improvement in physical activity levels. The 
aim was to draw a linkage between healing rates and overall physical activity levels. 
  
7.2.2 Physical activity 
The scores for the Yale Physical Activity Survey (YPAS) indicated low to 
moderate levels of activity which for this population is well supported in the 
literature (Heinen, Van Der Vleuten, et al., 2007; Roaldsen et al., 2011). The 
summary index for total activity calculated from the YPAS showed a median of 28 
(8 – 89).  
In response to research question 2a (Was there a difference in self-reported 
physical activity between the intervention group and usual care group at twelve 
weeks?) the analysis revealed no interaction effect between group and time, nor 
between groups. However, both the intervention and usual care group both improved 
their physical activity levels over time. Exercise was recommended to both groups at 
recruitment and prior to randomisation participants were shown the type of exercise 
recommended as part of the intervention if they were to be randomised to the 
exercise group. This is likely to be a limitation of the current study and is discussed 
in Chapter 8. However, it is worthwhile to note that this is a similar finding to 
Heinen et al., (2012) where it was also observed that walking behaviour was 
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enhanced in both the intervention and usual care groups as part of being involved in 
an exercise study, again indicating an element of bias due to the attention effect.  
All participants were given a pedometer, in their recruitment pack, at the 
beginning of the study to track their daily steps and to use as a motivational tool. The 
majority of participants tracked their walking progress as requested at baseline. Only 
30% of those in the intervention and 10% of the usual care group used their 
pedometers for the duration of the study. Although pedometers have previously been 
used successfully as a motivational tool with inactive patients (Stovitz, VanWormer, 
Center, & Bremer, 2005) the pedometers in the current study were not well accepted. 
Despite pre-testing of pedometers, a substantial percent (45%) were found to be 
faulty and by the time a second batch was ordered and received, people had finished 
their 12 week program or their ulcer had healed. Meagher et al., (2012) also 
concluded that the pedometer is not perhaps appropriate for this population and that 
their Activpal (accelerometer) was more accurate in detecting movement, which is 
further discussed in Chapter 8.  
Participants in the present study may have been already performing near their 
physical capacity at the time of recruitment, thus limiting the potential for further 
improvements. There has been considerable attention given to a public health 
campaign that encourages adults to walk 10,000 steps per day. Meagher et al., (2012) 
recommended to adults with VLUs a walking regimen of 10,000 steps per day and 
concluded that 33% of the sample met the goal. In comparison in the current study 
only 3 (9%) participants in the intervention and 2 (6%) in the usual care group 
reported an average of 10,000 steps per day over the 12 weeks. However, in the 
study by Meagher et al., (2012) the intervention group had a median age of 66 
compared to 71 in the current study and 94% were fully independently mobile 
compared to only 68% of the current study’s sample. Therefore, an intervention that 
focuses solely on walking seems somewhat limited, given the well documented 
mobility issues that adults with VLUs face. The argument that just because a patient 
is mobile, does not necessarily mean that they exercise their calf and foot muscle 
pumps effectively. It has been suggested that range of ankle movement and gait 
assessment may be better outcome indicators for ulcer healing rather than activity 
alone (McRorie et al., 1998).  
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It is well documented that participants with VLUs are less active than their 
age-matched controls (Heinen, Van Der Vleuten, et al., 2007). It is unknown whether 
the functional decline in adults is a result of venous leg ulceration or the functional 
decline contributes to venous leg ulceration. This highlights the importance of 
functional ability as is discussed in the next section.   
 
7.2.3 Functional ability 
The scores for functional ability indicated low to moderate levels for gait and 
balance and range of ankle motion. The median scores for the combined Tinetti Gait 
and Balance Score were 22 (6º – 28º) and the range of ankle motion was 29º (9º – 
55º), where normal range is between 0 -70º combined for plantar flexion and 
dorsiflexion (Back, Padberg, Araki, Thompson, & Hobson, 1995). These results 
support current evidence which has revealed that adults with VLUs often have 
impaired balance, gait and walk and decreased ankle ROM (Dix et al., 2003; Yim, 
Richmond, et al., 2014).  
In response to research question 3a (Was there a difference in baseline Tinetti 
gait and balance scores and week 12 scores between the intervention and the usual 
care group?) the analysis revealed no interaction effect between group and time, nor 
between groups or time overall. The intervention as part of Study 2 was however not 
designed to improve gait and balance measures specifically, instead it was designed 
to improve the effectiveness of the calf muscle pump to return blood to the heart and 
improve the range of ankle motion. The Tinetti Gait and Balance Score is further 
discussed in Section 7.4.3. 
In response to research question 4a (Was there a difference in baseline and 
week 12 range of ankle motion scores between the intervention and the usual care 
group?) the analysis revealed no interaction effect between group and time, nor 
between groups. However, the intervention and usual care group both improved their 
ROAM over time. Similar to the time effect noted for improvement in physical 
activity levels through the measure of the Yale Physical Activity Survey, participants 
were also shown the type of ankle exercises at baseline prior to randomisation. 
Therefore the demonstration may also have led to those in the usual care 
implementing their own ankle exercise routine.  
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Decreased ROAM is noted to be associated with delayed healing (Barwell et 
al., 2001). The mean increase over 12 weeks for ROAM in the intervention group 
was 3 degrees which was not statistically significant. Davies et al., (2007) found a 
significant increase between 7.6 and 8.7 degrees, however this was a single arm 
study. Padberg et al., (2004) were unable to demonstrate any significant 
improvement in ROAM, while other authors showed a significant increase of 2.3 
degrees for dorsiflexion and a non-significant increase of 2.3 degrees for 
plantarflexion (Klyscz et al., 1995). In the latter study, patients baseline ROAM was 
an average of 34.4 degrees, considerably higher than in the current study where mean 
scores were 25 (SD 11) and 30 (SD 12) for the usual care and intervention group 
respectively. A recent study by Yim et al., (2014) reported that after 12 weeks of 
compression therapy, baseline ROAM was not associated with healing, as there was 
no significant difference between healed and non-healed groups, suggesting that 
ankle range of motion is not important in venous leg ulcer healing or, more likely, is 
overcome by compression. However, patients with venous ulcers located on the leg 
(as opposed to the ankle) had significantly higher ankle range of motion for plantar 
flexion and inversion (p = 0.021 and p = 0.034, respectively) and improved healing 
with both cell bioformulation and standard care (p = 0.011). These authors therefore 
suggested that wound location is an important variable for ankle range of motion as 
well as for healing outcomes.  
The physical activity levels and functional aspect of adults have been 
discussed, however evidence suggests an improvement in these factors would lead to 
an better health-related quality of life (Warburton, Nicol, & Bredin, 2006). Physical 
activity has been shown to have positive effects on quality of life (QOL) in older 
adults with various chronic diseases (Chou, Hwang, & Wu, 2012). A recent review 
(Yim, Kirsner, et al., 2014) highlighted the paucity of exercise research in this area 
that has assessed quality of life as an outcome measure. This Study is one of the first 
to assess the benefits of exercise on health-related quality of life for adults with 
VLUs. 
 
7.2.4  Health-related quality of life 
As reported in Chapter 6, the scores for health related quality of life (HRQoL) 
indicated low to moderate levels for the physical and mental component summary 
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scores (PCS 42.8 (±8.5) and MCS 52 (26 – 65)). Numerous studies have found 
diminished QOL scores for patients with VLUs, compared with the general 
population or patients with milder CVI (Kahn et al., 2004; Moura, Gonçalves, 
Navarro, Britto, & Dias, 2010). However, studies investigating the effect of exercise 
intervention on QOL with this population have been scarce (Padberg et al., 2004; 
Zajkowski, Draper, Bloom, Henke, & Wakefield, 2006).  
In response to research question 5a and 6a (Was there a difference in physical 
and mental health-related quality of life (physical component summary) between the 
intervention group and the usual care group at twelve weeks?) the analysis revealed 
no interaction effect between group and time, nor between groups or time overall for 
PCS or MCS. 
It is postulated that 12 weeks is not a very long period of time to significantly 
affect health-related quality of life (HRQoL) or the measure of HRQoL needs to be 
disease specific instead of being general as in the SF-8. The intervention was also not 
designed specifically to improve HRQoL. It is expected that it is potentially difficult 
to improve HRQoL in a predominantly older population who have had a chronic 
condition for a long time. In this study sample, the median duration of their wound 
was 16 weeks. A recent Cochrane review on cancer survivors included 40 trials with 
a total of 3694 people (Mishra et al., 2012). The results suggested that exercise may 
improve overall HRQoL right after the exercise program is completed when the 
intervention is for 24 weeks duration or more.  
Disease-specific HRQoL instruments which are able to distinguish between 
healing and non-healing ulcers could be more beneficial for clinical use and may lead 
to significant results. However, because of the heterogeneity of QOL instruments 
being used, selecting a standardised one  has the advantage of allowing readers to 
compare the results of different studies (Yim, Kirsner, et al., 2014). It is often 
recommended to use both a disease specific plus a general QOL measure, however, 
as this was not the primary outcome of this current research, the number of questions 
participants were asked to answer had to be kept to a reasonable level. The SF-36 
and SF-12 have both been used in populations of leg ulcer patients and been found to 
be useful to detect changes in condition in this group, including changes in pain, 
mental health, physical role, emotional role and vitality (Franks, McCullagh, & 
Moffatt, 2003; Iglesias, Birks, Nelson, Scanlon, & Cullum, 2005; Walters, Morrell, 
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& Dixon, 1999). However, perhaps the SF-8 which was used in this current study is 
not always sensitive to this population. 
The following section addresses the importance of adherence to an exercise 
intervention and the effect on outcomes by considering a ‘adherers only’ analysis 
which only included those in the intervention group who were adherent more than 
75% of the time to the leg exercise protocol compared to those in the usual care 
group. Those meeting this criteria were deemed to be ‘adherers’. 
 
7.3 ADHERENCE TO THE INTERVENTION 
As reported in Chapter 6 a ‘per protocol’ or ‘adherers only’ analysis 
supplemented the intention to treat analysis for the effectiveness study in order to 
ascertain the effect of adherence on outcomes.  
It was anticipated that there would be high adherence to exercising in the home 
environment because this setting resolves many logistic and transportation 
difficulties associated with low attendance in outpatient rehabilitation programs for 
stroke (Paolucci et al., 1999). However, only 59% reached the level of pre-defined 
adherence. Exercising at home independently may have been de-motivating for some 
participants. Adherence is an important factor contributing to the effectiveness of 
exercise-based programs (Bollen, Dean, Siegert, Howe, & Goodwin, 2014). Self-
report measures can overestimate as well as underestimate how much people actually 
do (Prince et al., 2008). Adherence is defined as the degree behaviour corresponds 
with an agreed recommendation (Sabaté, 2003). It is a complex and 
multidimensional construct that can be affected by a number of factors related to the 
condition: the person (such as forgetfulness, self-efficacy, attitudes, mood states such 
as depression and socioeconomic status) and the relationship between the person and 
healthcare professional (Sabaté, 2003). 
Of the 32 participants randomised to the intervention group only 59% (n = 19) 
adhered to the prescribed leg exercises ≥ 75% of the time as per self-reported data. 
Self-management is often difficult to achieve, as indicated by poor rates of adherence 
to treatment guidelines (Newman, Steed, & Mulligan, 2004). In comparison to home-
based exercise programs with other chronic disease self-management programs these 
adherence rates are poor. A randomised controlled study which examined the 
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efficacy, safety, and adherence rates of a 3-month home-based combined walking 
and resistance exercise program on symptoms and QOL in 40 women and men aged 
30 to 76 years with Heart Failure, reported overall exercise adherence was excellent 
(90%) (Oka et al., 2000). A more recent study utilising home-based exercise DVD 
for people with Huntington’s Disease who had motivational and cognitive problems, 
reported that 73% adhered well to the use of the DVD (Khalil et al., 2012). A home-
based exercise program, quantified with a step activity monitor, reported high 
adherence (>80%) and concluded that it was efficacious in improving claudication 
measures similar to a standard supervised exercise program (Gardner, Parker, 
Montgomery, Scott, & Blevins, 2011).  
Research into the determinants of adherence to home exercise has primarily 
focused on patient level factors. Low adherence has been associated with participant 
reported weakness, changes in health status, loss of interest, depression, fear of 
falling, poor weather, shortness of breath and low outcome expectations (Forkan et 
al., 2006). The main reasons participants shared for not participating in the exercise 
program in Study 2 ranged from health deterioration of their other chronic 
conditions, pain related to the leg ulcer, or pain in general, boredom or a general 
dislike for exercise and forgetting to do the exercises. It is worthwhile noting 
however that for those who participated in the home-exercise program there were no 
deleterious effect. 
Home based exercise programs are flexible and convenient allowing 
participants to work around their commitments and incorporate physical activity into 
their lifestyle (Freene, Waddington, Chesworth, Davey, & Cochrane, 2013). 
However, 23% of the participants in this current study were still working.  
One explanation may be that participants adhere to exercise they believe will 
be most effective in improving wound healing. This theory is consistent with Social 
Cognitive Theory where the expected health beliefs are one key factor thought to 
influence participation in that health behaviour. This theory might explain the results 
that if older adults believe that leg exercises are an effective means of improving 
wound healing then they will adhere to the leg exercises. 
A recent systematic review (Simek, McPhate, & Haines, 2012) and meta-
analysis of the impact of exercise program characteristics for adherence to and 
efficacy of home exercise programs to prevent falls found studies that had higher 
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levels of adherence had interventions that contained a balance or walking 
component, moderate home visit support, physiotherapist led delivery and no 
flexibility training. Higher levels of partial adherence were found in interventions 
containing home visit or telephone support and no group exercise training. Neither 
full nor partial adherence to prescribed exercise program dosages was associated 
with intervention efficacy to prevent falls.   
However, a recent systematic review on non-face-to-face physical activity 
interventions stated that it is likely that studies with negative or null findings were 
either not published or were published as grey literature (Müller & Khoo, 2014). This 
publication bias is common in health research (Hopewell, Loudon, Clarke, Oxman, 
& Dickersin, 2009) however, this systematic bias threatens the validity of reviews in 
general (Müller & Khoo, 2014).  
For the current study, bivariate analysis showed that adherence was 
significantly associated with whether the wound healed at 12 weeks or not. The 
‘adherers only’ analysis showed that those who adhered to the intervention were 
significantly more likely to heal (p = 0.002). Interestingly, Jull et al., (2009) reported 
a much higher adherence rate (81%) to a home-based exercise program but found no 
significant differences in ulcer healing. However, Jull et al., (2009) did not clearly 
define what adherence to prescribed exercises was.  
Self-reported physical activity (Yale Physical Activity Survey), using the 
‘adherers only’ analysis did show a significant improvement over time however the 
change was not significantly different between groups, possibly due to the smaller 
numbers of those who adhered to the intervention. Analysis of the gait and balance 
score (Tinetti) also revealed a significant effect for time but not between groups. 
However, a significant improvement was detected between pre and post-testing and 
between groups for range of ankle motion using the per protocol or ‘adherers only’ 
analysis. This highlights an important finding and supports previous work by the 
PhD candidate (O'Brien et al., 2013) that the intervention is effective is improving 
range of ankle motion. However in a self-management program facilitated by phone 
intervention, the improvement is very dependent upon adherence. 
Similarly, a per protocol analysis revealed a significant effect of time but no 
significant difference between groups for the SF-8 physical component summary. 
There was no significant effect for mental component summary for group and time. 
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A greater portion of older adults appear to fully adhere to programs which 
include a moderate level of home support, and partially adhere to programs which 
include home visit or telephone support (Simek et al., 2012). However, providing 
extra support increases the cost of exercise program prescription. Thus further 
research is indicated to examine the cost-effectiveness of providing home visit or 
telephone support so that economically efficient prescription approaches can be 
identified (Simek et al., 2012).  
In a home based exercise program for adults who had a traumatic hand injury 
almost a third of all participants stated that they often or sometimes forgot to do their 
exercises and almost half of all participants reported that pain interfered in their 
ability to perform their home exercises (Kingston, Williams, Gray, & Judd, 2014). A 
third acknowledged that time limited their ability to perform the exercises. The 
results reflect the multidimensional nature of compliance in which pain, discomfort, 
and intrusion of exercise programs into everyday life are described by patients as 
reasons for non-compliance; as opposed to the previously reported factors of poor 
motivation or not understanding the prescribed exercises (Miller, Litva, & Gabbay, 
2009). Considering and overcoming these factors in the treatment through various 
strategies such as text reminders and/or pain relief could enhance the home exercise 
compliance of patients with VLUs.  
The overall findings regarding functional ability in the current study support 
those found by other recent research (Heinen et al., 2012) in the ‘lively legs 
programme,’ whereby they concluded that the non-significant effects regarding 
secondary outcomes may relate to the frailty of the sample. While this may also 
apply to the current sample, it is also likely that non-adherence to a self-management 
program may also be a reason for the non-significant results. Replies to questions 
asked about adherence may reflect what the person feels is the desired response 
rather than a true appraisal of their behaviour (Horne & Weinman, 1999). This also 
may be one reason why unsupervised home-based exercise programs are deemed 
ineffective, when in reality ‘an inefficient regimen effect’ has occurred (Sackett, 
1979). 
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7.4 EXPLORATORY ANALYSES 
7.4.1 Wound healing 
Research question 1b explored what additional factors would predict whether a 
wound would heal by 12 weeks in this sample. The final binary logistic model 
predicting healing contained three independent variables which made a statistically 
significant contribution to the healing outcome. There were: higher balance scores on 
admission as defined by the Tinetti gait and balance score; participants who had 
Atrohpie Blanche at the time of recruitment; and a Geriatric Depression Scale score 
greater than 4. 
The finding that participants who had a higher Tinetti gait and balance scores 
were 1.25 times more likely to heal provides valuable information for health care 
professionals and patients looking for alternative or additional strategies to heal 
VLUs. There are no other published papers that have examined the relationship 
between gait and leg ulcer healing. Although mobility has been often regarded as a 
predictor of healing, measurement to date has been subjective rather than objective. 
One study assessed gait and calf endurance in patients with CVI and concluded that 
their study indicated disturbed gait patterns in patients with CVI (Van Uden et al., 
2005). However, they concluded that it remained unclear whether the development of 
CVI and ulceration is due to disturbed gait, or whether CVI results in alteration of 
this factor. Further research in this area with a larger sample is indicated.  
Atrophie Blanche (AB) was unexpectedly identified as a significant indicator 
of whether an ulcer would heal or not in this sample, that is, it was associated with 
the failure of the ulcer to heal. AB is a common clinical sign in patients with leg 
ulcers (Alavi et al., 2014). In the current study, 37.3% of the cohort had Atrohpie 
Blanche however only 28% of those with signs of Atrophie Blanche healed 
compared to 72% who did not have signs of Atrophie Blanche and healed within 12 
weeks. This study found the odds of not healing to be 6 times greater for those 
participants with Atrophie Blanche, however, the confidence interval was large. 
Atrophie Blanche has been associated with ulcers that are slow to heal and painful 
(Sreedharan & Sinha, 2011) and lipodermatosclerotic skin is often present too 
(Valencia, Falabella, Kirsner, & Eaglstein, 2001). Most authors agree that 
lipodermatosclerosis is associated with venous insufficiency or restricted to the legs 
of patients with venous insufficiency (Falanga, 1993; Kirsner, Pardes, Eaglstein, & 
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Falanga, 1993), however, no other studies have found Atrophie Blanche to be 
associated with whether an ulcer healed or not. 
The remaining strong association in this model was with a Geriatric Depression 
Score greater than 4, where higher scores indicated greater levels of depressive 
symptoms, which increased the odds of not healing 24 times. As no specific 
depressive symptom scale has yet been developed for patients with chronic venous 
disease, the Geriatric Depression Scale, which is a general geriatric depression score, 
was used to measure perceived depressive symptoms. The psychological impact of 
leg ulceration has been investigated in various studies with contradictory results. One 
study  found no emotional deficit in their leg ulcer population (Chase et al., 2000), 
and another (Flett, Harcourt, & Alpass, 1994) found no differences compared with a 
group of healthy people on the dimensions of loneliness, satisfaction with 
relationships and life satisfaction. Another study showed that 68% of patients 
reported that having an ulcer had a negative emotional impact (Phillips et al., 1994). 
They also reported that a variety of emotions were related to the ulcer, including fear, 
social isolation, anger, depression, and negative self-image.  
Anxiety and depression have been suggested to have an association with 
delayed healing, however, little research has been undertaken to examine whether 
these factors may not only be a consequence of delayed healing, but may also have a 
role in delayed healing (European Wound Management Association., 2008). A recent 
study of 103 participants found that higher depressive symptom scores on the 
Geriatric Depression Scale, were significantly related to non-healing in VLUs 
(Finlayson et al., 2014). The strong relationship found in the current study suggests 
that further exploration with a disease specific depressive symptom tool is warranted. 
Ulcer area size has been consistently found as a risk factor for poor wound 
healing (Cardinal et al., 2009; Franks & Moffatt, 1995; Margolis et al., 1999; Partsch 
et al., 2001). In the current study, an initial bivariate association was found between 
larger ulcer area size and ulcers not healing, however, the association did not retain 
significance in the multivariable regression model, possibly due to the smaller than 
anticipated sample size. A study that researched risk factors concluded that venous 
ulcers which failed to heal by 24 weeks were larger, had a longer duration, were 
coated by fibrin on more than 50% of the wound surface, and that patients with a 
history of hip or knee replacement therapy or a history of venous stripping or ligation 
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were less likely to heal in that time (Margolis et al., 1999). This is similar to the 
current study findings as any surgery or trauma to the wound leg was significantly 
related to the wound remaining unhealed at 12 weeks in the bivariate analysis but did 
not retain significance in the model, possibly due to the small sample size.  
There is some evidence that a large BMI may be a risk factor for poor venous 
ulcer healing (Milic et al., 2009; Robertson et al., 2009). Venous outflow restriction 
is believed to be influenced by failure of the calf muscle pump due to obesity and leg 
immobility (Hjerppe et al., 2010). The current study showed no relationship between 
BMI and whether the ulcer healed at 12 weeks or not. It has also been suggested in 
the literature that ageing may be a contributing factor for poor wound healing 
(Ashcroft, Mills, & Ashworth, 2002), however, the current study showed no 
significant difference between healed and not healed ulcers for age.  
A large study found no association between patient mobility and either healing 
or recurrence of VLUs (Barwell et al., 2000). However, the authors concluded that 
this may have been due to the crude scoring system employed. The mobility level of 
the patient was scored as: walks unaided, walks with aid, limited outside home, 
housebound, chairbound (Barwell et al., 2000) rather than the actual level of day-to-
day physical activity in the current study. In contrast another study found participants 
who had full mobility (without aid) and full ankle movement (>60 degrees) were 
significantly less likely to recur (Brooks, Ersser, Lloyd, & Ryan, 2004). The current 
study found that increased levels of physical activity were associated with better 
healing outcomes, as measured by the Yale Physical Activity Survey, with results 
being significantly associated at the bivariate level. However, this did not retain 
significance in the logistic regression model.  
In a study by Robertson et al., (2009) it was shown that good dorsiflexion of 
the ankle and an effective calf muscle pump are protective against leg ulceration. 
Similarly evidence suggests that decreased ankle ROM is associated with delayed 
healing (Back et al., 1995; Milic et al., 2009). This is similar to the current study 
findings as ankle range of motion was significantly related to healing in the bivariate 
analysis, although did not retain significance in the model, possibly due to the small 
sample size. Several factors may limit ankle mobility, including but not limited to 
oedema, pain, neuropathy, and muscle atrophy and weakness (Orsted et al., 2001). 
Further research in this area is warranted. 
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7.4.2 Physical activity 
Research question 2b explored what other factors predicted self-reported 
physical activity at 12 weeks in this sample. The analysis using mixed linear model 
contained two independent variables which made a statistically significant 
contribution to physical activity outcome. Participants who had both higher outcome 
expectations for exercise and Tinetti scores at recruitment were more likely to have 
higher physical activity levels.  
Outcome expectations for exercise is an important element of Social Cognitive 
Theory and has been associated with physical activity in older adults. The benefits of 
physical activity are numerous and range from disease prevention and management 
to the enhancement of mental and physical well-being (Mielenz et al., 2013). 
Numerous psychosocial factors have also been proposed to be related to physical 
activity behaviour and, given their modifiability, are potential areas of interventions 
to help increase physical activity levels. Self-efficacy and outcome expectations, 
central constructs of the Social Cognitive Theory by Bandura, are two important 
psychosocial determinants of physical activity behaviour (Bandura, 1977, 1997, 
1998). Self-efficacy, or confidence in one’s ability to perform a given behaviour 
despite obstacles, is a task-specific construct that influences the amount of time and 
effort individuals are willing to invest in order to overcome barriers (Bandura, 1977, 
1997, 1998). Outcome expectations, the anticipated consequences of a given 
behaviour, influence behaviour by serving as incentives (positive outcomes) or 
disincentives (negative outcomes). Self-efficacy has received the most consistent 
support of any psychosocial factor as a strong determinant of physical activity 
behaviour (Ashford et al., 2010; McAuley & Blissmer, 2000; Rhodes et al., 1999). 
Despite receiving less attention than self-efficacy in the literature, there is strong 
support for the relationship between outcome expectations and physical activity 
levels (Conn, 1998; Jette et al., 1998; King, 2001a; Pinto, Lynn, Marcus, DePue, & 
Goldstein, 2001; Resnick, 2001b). Important implications for clinical use and future 
research can be drawn from the results of this study. Clinically, results provide 
support for significant and meaningful relationships between physical activity and 
outcome expectations for physical activity. 
The Tinetti Balance and Gait Test is the oldest clinical balance assessment tool 
and widely used among older people (Yelnik & Bonan, 2008). Evidence suggests 
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that balance disorders can have serious consequences for physical function as well as 
social function (e.g., fear of falls leading to activity restriction and social isolation) 
(Mancini & Horak, 2010). It has been shown that this patient population has a wider 
base of support, (that is, the distance between the feet when in contact with the 
ground) (Van Uden et al., 2005) which is indicative of instability or unsteadiness of 
walking (Krebs, Goldvasser, Lockert, Portney, & Gill-Body, 2002). It has been 
suggested if this is true then this patient group, probably feel unsafe during walking, 
and therefore reduce walking speed and seek more lateral stability by increasing base 
of support (Van Uden et al., 2005). The current study findings seem to support the 
relationship between lower levels of balance and poorer physical activity. This 
provides valuable information for health professionals as it highlights the importance 
in addressing balance and gait deficits in this population prior to recommending 
exercise. 
 
7.4.3 Functional ability 
Research question 3b explored what other factors predicted the Tinetti gait and 
balance measure by 12 weeks in this sample. The linear mixed model indicated a 
significant improvement over time for the gait and balance score but not between 
groups. However, in the final model, participants with osteoarthritis had a lower 
tinetti score and those people with a higher Yale Physical Activity Survey score at 
baseline had a higher tinetti score. The association between physical activity and 
functional independence is well established in the literature (Medicine, 2013; 
Montero-Fernandez & Serra-Rexach, 2013). Decreasing mobility may induce a 
vicious cycle of reduced physical activity and de-conditioning that has a direct effect 
on health and functional independence (Studenski et al., 2011). No evidence in the 
literature was found to support the relationship between osteoarthritis and lower gait 
or balance ability. Symptomatic osteoarthritis causes joint pain and tenderness, 
limiting one’s ability, which may cause the need of assistance with activities of daily 
living (Bennell & Hinman, 2011) and functional measures such as gait and balance 
(Chmelo et al., 2013). Symptomatic osteoarthritis causes joint pain and tenderness, 
limiting one’s ability, which may cause the need of assistance with activities of daily 
living (Bennell & Hinman, 2011) and functional measures such as gait and balance 
(Chmelo et al., 2013). 
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Research question 4b explored what other factors predicted range of ankle 
motion by 12 weeks. The results of the linear mixed model indicated a significant 
effect for time for range of ankle motion (ROAM) but no significant differences were 
noted between groups. However, the final model contained two independent 
variables which made a statistically significant contribution to ROAM: older age and 
participants who took antihypertensive medication. The findings support current 
literature that for an increase in age expected range of ankle motion decreases (Back 
et al., 1995). However, no evidence was found in the literature to support 
antihypertensive medication affecting range of ankle motion. The restriction in ankle 
range of movement may reduce calf pump efficiency, and exacerbate venous 
hypertension, (Nicholls, 2005) but this requires further investigation.  
 
7.4.4 Health-related quality of life  
Research question 5b explored what other factors contributed to the outcome 
measure of the physical health at week 12 in this sample. Analyses showed non-
significant differences for group and time for the physical component summary 
scores for health related quality of life. The findings however indicated that for 
participants with a co-existing diagnosis of autoimmune or chronic pulmonary 
disease a decrease in the physical component summary was observed. 
Research question 6b explored what other factors contributed to the outcome 
measure of mental health at week 12. Analyses showed no significant differences for 
group and time for the mental component summary scores for health related quality 
of life.  
 
7.5 SUMMARY 
The purpose of Study 2 was to determine the effectiveness of a self-
management exercise intervention and determine if there were any differences in 
healing, physical activity, functional ability and quality of life outcomes between 
those randomised to the intervention group compared to those in a usual care group 
receiving usual care.  
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In the current study 63% of VLUs healed within 12 weeks; 77% of those in 
intervention group healed compared to 54% of those in the usual care. Those in the 
intervention group were 2.9 times more likely to heal than those in the usual care 
group which is clinically significant although not statistically significant. A ‘adherers 
only’ analysis showed that those who adhered to this intervention were significantly 
more likely to heal. 
A repeated measures ANOVA for physical activity, functional ability and 
health-related quality of life revealed a significant effect for time for the physical 
activity score, gait and range of ankle motion indicating that the education provided 
on recruitment and the attention effect of ringing the usual care group at the same 
time points may be enough to influence these outcomes. There was a group effect for 
the physical activity score, overall Tinetti gait and balance score, range of ankle 
motion and the physical component summary of the SF-8 score but there was no 
interaction effect, suggesting there is a significant difference between groups, but not 
that one group improved significantly more over time than the other. 
A secondary analysis was undertaken that explored other factors related to 
wound healing, physical activity, functional ability and health-related quality of life. 
A binary logistic regression model for wound healing showed the following variables 
were significantly related to healing: Participants with Atrophie Blanche at baseline 
and a score of greater than 4 on the Geriatric Depression Scale were less likely to 
heal in the 12 week study period. However, participants who scored higher on the 
Tinetti score for gait and balance were more likely to heal during the 12 week study 
period.  
Further exploratory analyses revealed that the better the Tinetti gait and 
balance score and outcome expectations for exercise score, the greater mobility 
scores. The effect of osteoarthritis and the YPAS score, indicated the need for 
physical assessment of this patient population given the Tinetti score is as a predictor 
of VLUs to heal in this study. The effect of age is negatively associated with ROAM 
and this study showed a negative association between antihypertensive medication 
and ROAM. This study showed a negative association between autoimmune disease 
and chronic pulmonary disease and its effect on PCS and a higher geriatric 
depression score negatively affected the mental health component score. 
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Participants in the exercise intervention were generally compliant, however 
only 59% were adherent to the self-management leg exercises more than 75% or 
more of the time, which was how adherence was defined a priori. Participants 
reported that it was easier to incorporate the leg exercises into their daily routine than 
to walk if they were not walking prior to randomisation. This may indicate the need 
for supervised exercise programs to improve walking behaviour and adherence to leg 
exercises.  
The relationships between the constructs of SCT were evident in this research 
with self-efficacy for exercise being significantly associated with outcome 
expectations for exercise. Outcome expectations were significantly related to fear 
avoidance beliefs and adherence to exercise program. Therefore, when designing 
exercise interventions outcome expectations for exercise hold great importance. That 
is, people need to understand the value of conducting leg exercises in order to be 
motivated to adhere to performing the leg exercises. The concept of fear avoidance 
beliefs also needs to be closely intertwined with the self-efficacy component of these 
interventions.  
The following Chapter provides a discussion of the overall results of Study 1 
and 2, and discusses the strengths and limitations of the research while addressing 
clinical implications and directions for future research. 
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Chapter 8: Overview and Conclusion 
The final chapter overviews the main findings of the two research studies 
conducted for this thesis. Each study was guided by specific aims and research 
questions.  However both contributed to the overall aim of the research project: to 
examine the effectiveness of a self-management exercise program on improving the 
healing rates, physical activity levels, functional ability outcomes and quality of life 
for adults with VLUs.  
The overall findings, strengths and limitations of the research are discussed in 
relation to their contribution to the body of work on exercise for adults with VLUs. 
Evidence to support the value of the conceptual framework based on Social 
Cognitive Theory that underpinned the research is presented. This framework 
captures the complexity of behaviour change and represents the adaption to a venous 
leg ulcer patient profile. The chapter concludes with implications for practice and 
ongoing research in this area. The conceptual framework that underpinned this 
research was appropriate for both the exploratory nature of Study 1 and the 
intervention in Study 2. Application of this framework is supported by the increasing 
recognition that for an exercise intervention to be effective it must be supported by 
theory. The following overarching primary research questions were systematically 
addressed by the two studies: 
• What are the perspectives of adults with venous leg VLUs, in relation 
to exercise? 
• Was there a significant difference in healing rates between the 
intervention and usual care group at twelve weeks? 
• Was there a significant difference in self-reported physical activity 
between the intervention group and usual care group at week 12? 
• Was there a significant difference in baseline Tinetti gait and balance 
scores and week 12 scores between the intervention and the usual care 
group? 
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• Was there a significant difference in baseline and week 12 range of 
ankle motion scores between the intervention and the usual care group? 
• Was there a difference in health-related quality of life physical 
component summary (PCS) between the intervention group and the 
usual care group at twelve weeks? 
• Was there a significant difference in the health-related quality of life 
mental component summary (MCS) between the intervention group and 
the usual care group at week 12? 
Study 1 was a scoping study to explore the experiences of living with VLUs 
from the perspectives of participants and two focus groups and two interviews were 
conducted. In response to the research question for Study 1, four common themes 
were drawn, including: i) participant understanding of the relationship between 
chronic venous insufficiency impacts on their exercise patterns,; ii) fear of harm 
impacts upon positive beliefs and attitudes to exercise,; iii) perceived factors limit 
exercise;  and iv) structured guidelines facilitate exercise. Regardless of their current 
exercise routine, participants reported exercising prior to venous leg ulceration and 
expressed an interest in either becoming active or maintaining an active lifestyle.  
The value of exercise in improving outcomes for this population lies in its 
capacity to promote venous return. Whilst reducing the risk of secondary conditions 
and preventing de-conditioning that is likely to occur during ulceration because it 
seems people tend to stop exercising as much when they are in compression. Despite 
motivation and interest in being exercise active, people with VLUs report many 
obstacles. Further exploration of mechanisms that assist this patient population and 
promote understanding about management of barriers, coupled with promotion of 
enabling factors is vital for improving their exercise participation. 
Based on the integration of principles of the selected theoretical framework, 
results of Study 1, an extensive literature review and drawing on experience of a 
previous study (O'Brien et al., 2013), a telephone based intervention for adults with 
VLUs was developed. The program was a self-efficacy based intervention consisting 
of basic exercise instruction and activities to promote self-efficacy. The effectiveness 
of the program was tested on 62 participants who were recruited for a randomised 
controlled trial over three clinical sites in Australia.  
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In response to the six primary research questions for Study 2 which considered 
the effectiveness of an exercise intervention, the results did not support the 
hypotheses for the effectiveness of the intervention on wound healing, physical 
activity, functional ability or health-related quality of life. The intervention did not 
show any statistically significant difference between groups, most likely due to low 
adherence rates to the self-management program which is discussed in the limitations 
section of this Chapter. However, a main effect for time was observed for the 
physical activity and range of ankle motion measure. It is interesting to note that the 
attention effect and general information sheet to encourage leg exercises and ankle 
stretching may be enough for adults to increase their levels of physical activity and 
involve themselves in basic ankle exercises. Further research is warranted with 
additional numbers to separate these effects.  
Although there was a 20% difference in healing rates between the groups, the 
sample was under powered to detect a statistically significant difference in the 
effectiveness analysis. However, a 2.9 times more likelihood of healing by 12 weeks 
for those in the intervention versus usual care group is a clinically significant 
difference that requires further investigation. Not surprisingly, the per protocol 
analysis for the primary outcome of wound healing showed that those who adhered 
to the exercise protocol 75% or more of the time showed a significant effect for 
wound healing and for range of ankle motion, although not for physical activity, gait 
and balance or quality of life. The issue of adherence is pertinent to the effectiveness 
of home exercise programs as levels of adherence may affect treatment outcomes 
particularly in the unsupervised setting (Kamwendo, Askenbom, & Wahlgren, 1999). 
Individuals not fully adherent to their assigned treatments is a common challenge 
encountered in experimental evaluations. One of the difficulties that results from 
individuals not fully participating, is that, if the proportion of individuals who fully 
participate is relatively low, a large effect for them may be swamped by smaller (or 
no) effects for those who do not fully participate, leading to a small effect overall 
(Stuart, Perry, Le, & Ialongo, 2008). 
Study 1 observed a relationship between a participant’s understanding of 
chronic venous insufficiency and their exercise patterns which indicates knowledge 
of the disease may be an important contributor to improving adherence. This 
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highlights the importance of addressing adherence; further research with a larger 
sample is warranted to understand this concept. 
This was, however, the first documented study to find the Tinetti (a gait and 
balance score), was independently significantly related to whether an ulcer healed by 
12 weeks or not. This is an important finding as the Tinetti gait and balance score has 
been shown to be a valid, responsive, evaluative tool to monitor and document 
progress gait and balance in older populations. However, the predictive ability of the 
Tinetti gait and balance score in relation to a venous leg ulcer population has not 
been previously determined. Interestingly, Study 1 findings showed a fear of falling 
amongst one of the fears surrounding physical activity. This is an important finding 
that will require further investigation. 
This was also the first study to find an independent significant relationship 
between Atrophie Blanche and non-healing in VLUs. Atrophie Blanche is an 
important predictor and one that will require further investigation to determine 
contributing factors. The impact of Atrophie Blanche is complex and multifactorial. 
Atrophie Blanche has been significantly related to lipodermatosclerosis which has 
been previously linked to determining whether an ulcer will heal or not (Greenberg, 
Hasan, Montalvo, Falabella, & Falanga, 1996). 
A Geriatric Depression Score > 4, indicating depressive symptoms related to 
depression (McDowell & Newell, 1996), was found to be significantly related to an 
ulcer not healing. Interestingly, 26% of the sample scored a GDS > 4; however, only 
12% of the sample had a documented diagnosis of depression. Research has also 
shown that people with depressive symptoms have difficulty adhering to exercise 
recommendations (Mayo, MacKay-Lyons, Scott, Moriello, & Brophy, 2013). The 
following section specifically considers the results that supported the proposed 
associations between healing and a number of factors from a Social Cognitive 
Theory perspective.  
 
8.1 CONTRIBUTION OF RESULTS TO CONCEPTUAL FRAMEWORK 
Chronic disease now contributes to over 70% of the disease burden in 
Australia, a figure that is expected to increase to 80% by 2020 (Jordan & Osborne, 
2007). Therefore the focus on self-management is not surprising given the burden of 
200
chronic disease in Australia and the shift in health policy towards patient-centred 
care (Cameron-Tucker, Wood-Baker, Owen, Joseph, & Walters, 2014; Lorig et al., 
2013). Evidence suggests that patients with effective self-management skills make 
better use of health care professionals’ time and have enhanced self-care (Barlow, 
Turner, & Wright, 2000; Kennedy et al., 2013; Lorig et al., 1999). 
The conceptual framework described in Chapter 3 was evaluated in this study, 
from a Social Cognitive Theory perspective. This theory examines the concepts of 
self-care behaviours, (such as exercise) self-efficacy and environmental impediments 
and/or facilitators to study relationships between individuals, health behaviours and 
their environment (Bandura, 2004b). 
Results supported the proposed associations between healing and a number of 
factors, as shown in Figure 3.1. Surprisingly, many of the proposed relationships 
between demographic, social support and socio-economic variables were not 
supported by the results of Study 2, such as BMI, ulcer duration (weeks), age, 
gender, socio-economic status. 
The proposed relationship between self-care (exercise) behaviours and 
adherence was examined. Results supported the importance of adherence, Figure 3.1. 
Self-efficacy for exercise was significantly associated with outcome expectations for 
exercise which is consistent within the SCT framework. Expected outcomes for 
exercise were significantly associated with fear avoidance beliefs and adherence to 
the exercise program. Surprisingly, self-efficacy for exercise was not associated with 
adherence to an exercise program.   
Adherence is not a simple phenomenon particularly in the area of chronic 
disease self-management. There is controversy in the literature as to how to define 
adherence to physical activity, which leads to different interpretations of empirical 
results and inconsistent evaluations of interventions (Chao et al., 2000). Study 2 
clearly defined adherence as performing the leg exercises 75% or more of the time. 
However, a smaller than expected percentage of participants achieved the defined 
level of adherence. This limitation is discussed further within the limitations section 
of this Chapter. 
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According to the theoretical framework and a substantial body of literature, 
self-efficacy and outcome expectations are two determinants of self-management 
behaviours. These concepts were carefully integrated into the current program. 
Several researchers have argued that it is important to not only evaluate the effect of 
behaviour change, but also the targeted determinants, which can provide insight into 
the dynamics of changing behaviour. Previous studies have demonstrated 
relationships between self-efficacy related to exercise and exercise adherence 
(Plotnikoff, Hotz, Birkett, & Courneya, 2001; Rejeski et al., 2003). 
Results from Study 2 support this theory with regard to self-care behaviour 
such as exercise for the management of chronic venous insufficiency. Analyses from 
Study 2 suggest outcome expectations for exercise had a direct relationship to 
adherence to exercise behaviour which had a direct relationship to wound healing. 
Surprisingly, self-efficacy for exercise did not have a direct relationship with 
adherence to the exercises but it did have a direct relationship with outcome 
expectations for exercise, suggesting perhaps the knowledge and experience of 
outcomes of exercise is more important than adherence to exercise for this patient 
population as shown in Figure 8.1. There was also a direct relationship between 
outcome expectations for exercise and fear avoidance beliefs, highlighting the 
importance of addressing fear as a contributing factor to exercise adherence. Personal 
impediments are also considered to influence health behaviours (Theofilou, 2013), 
such as depressive symptoms as measured by the GDS score, which was also found 
to be significantly related to wound healing in this study. The GDS score was 
significantly related to self-efficacy for exercise but not outcome expectations for 
exercise.  
The conceptual framework based on Social Cognitive Theory was thus found 
to be appropriate for an exercise program to promote healing. The framework’s 
proposed relationships between outcome expectations for exercise and individual 
psychosocial and physiological factors, self-care behaviours and wound healing 
outcomes were supported by the results from the randomised controlled trial. Use of 
the framework has demonstrated that in addition to wound specific variables known 
to be risk factors for healing (e.g. ulcer size, duration of ulcer), many physical, 
psychosocial and self-care activity factors are extremely important in the healing of 
VLUs.
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Figure 8-1. Updated Social Cognitive Model to describe theoretical relationships 
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8.2 STRENGTHS AND LIMITATIONS OF THE RESEARCH 
This research has a number of strengths. A paucity of research had been 
conducted in relation to adults with VLUs perceptions of exercise. Study 1 provided 
insightful findings that need to be interwoven into future interventions. There are few 
exercise interventions that have assessed the impact of exercise on improving healing 
outcomes for adults with VLUs, most with small sample sizes. This study is the 
largest study on assessing the clinical benefits of exercise for adults with VLUs in 
relation to healing outcomes. 
Secondly, both Study 1 and 2 used a theoretical framework. Self-efficacy 
strategies were carefully incorporated into the design and implementation of the 
program in Study 2. Various teaching methods were used to enhance self-efficacy. 
For example, at recruitment demonstration and return-demonstration of calf exercises 
was used to promote self-efficacy through performance accomplishment. During the 
phone-coaching sessions verbal persuasion persisted throughout the intervention as 
participants were encouraged to exercise. Regarding physiological feedback, one 
phone session specifically focused on theory of exercise, and taught people how to 
deal with signs and symptoms attributed to exercise.  
This study had several strengths. It is the largest exercise study to date on open 
VLUs to assess the impact on healing. It offers a physiologically based and highly 
reproducible intervention that could be implemented by others using the protocols 
documented for this study. The participants represented a clinically relevant group of 
patients with VLUs. 
To date there have been no reported studies in this patient population that have 
simultaneously examined the relationship between Outcome Expectations for 
Exercise, Self-Efficacy for Exercise and Fear Avoidance Beliefs with adherence to 
an exercise program and its impact on healing rates of VLUs. A further strength of 
the research was the application of intention to treat principles to analysis which 
aimed to reduce bias supplemented by per protocol analyses. This highlighted the 
issues with adherence in relation to an exercise program.  
There are a number of limitations in this research that also need to be 
acknowledged. In relation to Study 2, methodological limitations included inability 
to implement blinding of the assessors, that is, detection bias. Although Study 2 was 
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a RCT selection bias still may have occurred, as participants who volunteered to 
participate in the research may have been more health conscious and more motivated 
to adopt behaviour change than other adults with VLUs.  
Outcome assessment was unblinded, as was treatment allocation. Participants 
could not be blinded to treatment assignment. Because virtually all measures of daily 
functioning and HRQoL are based on self-report, knowledge of treatment could bias 
findings. Investigator bias is possible as the analysis was primarily conducted by the 
PhD Candidate who provided the home-based exercise program, however this was 
limited by following a strict protocol and predetermined sheet for collecting data and 
providing support during the telephone follow up. 
The sample size calculation was not stratified based on factors such as ulcer 
duration or size, recruitment site or physical activity levels, due to the additional 
number in sample size that would have been required. In addition, the smaller sample 
than anticipated hindered the effort to detect significant change.  Although statistical 
significance was not reached in relation to the wound healing primary outcome it 
could be argued with a larger sample size it would be likely to be significant. An 
interaction effect was not observed for the effectiveness nor the per protocol analyses 
for the primary and secondary outcomes. Interestingly though it was noted that a 
time effect was observed. This is possibly due to an attention effect, suggesting 
perhaps less information and demonstration to be given at recruitment prior to 
randomisation may be needed to see a true effect between groups.  
There were some weaknesses for selected measures. The majority of outcome 
variables were measured by self-report. When using self-report measures, 
respondents’ internal standards may change over time, i.e. the internal standard at 
post-test point is likely to be larger than that at pre-test points since respondents 
understand more. Therefore, the shifting internal standards may disturb the effort to 
detect the real effect of the intervention. Furthermore, some of the measures used in 
this study, such as the SF-8, Outcome Expectations for Exercise, and Self-Efficacy 
for Exercise might not have been sensitive to changes experienced in this population. 
Hence, the chance to detect an intervention effect might have been hindered. 
Adherence was also measured through self-reported exercise logs collected over the 
phone. This method relies of accurate self-reporting of outcomes to which 
participants are not blinded. In addition, the questionnaires were investigator-
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administered, which increases the possibility of change, because the participants 
might tend to give a more positive response to avoid embarrassment. Therefore, 
selection of more appropriate measures and application of self-administered 
measurement in future studies deserves more consideration. The dichotomous 
variable for whether the participants achieved their goals or not was not well 
understood as reported in Section 6.4.2 and therefore was not included in analysis of 
the model in relation to Social Cognitive Theory. In future studies a clearer action 
plan may be required of the participants or viewing of participants’ diaries in a clinic 
may help to clarify this factor of interest. 
Although the Tinetti scale has been shown to be reliable in normal populations 
(Guralnik, Seeman, Tinetti, Nevitt, & Berkman, 1994), and one study found fair to 
good inter-rater reliability of the Tinetti balance portion across raters with differing 
degrees of experience (Cipriany-Dacko, Innerst, Johannsen, & Rude, 1997); there 
appear to be no studies that have investigated inter- or intra-rater reliability of the 
gait portion or reliability as a measure of change over time in populations with gait 
disorders. As with other subjective measurements, it may be less sensitive when used 
for detection of small but clinically relevant changes (Shore et al., 2005). Therefore 
the use of the Tinetti system as a screening tool for gait impairment seems 
appropriate. However, it appears that the GAITRite system more finely discriminates 
alterations in gait (Shore et al., 2005) and therefore is recommended in future 
research for adults with VLUs.  
This study was only for a 12 week period. The self-management program 
consisted of self-management activities that were expected to be self-sustainable and 
could have been followed up long term. However, as part of a PhD, Study 2 only 
observed a short term follow up, and therefore assessment of outcome variables was 
only carried out during this period. The study was conducted over a limited amount 
of time compared to the duration of chronic venous leg ulceration. Improvement of 
some of the outcome variables, such quality of life may need a longer duration to 
appear. A longer observation period is suggested for future studies.  
It is possible that not involving family members or social support may have 
limited the impact of the intervention to a certain extent. The most pragmatic 
approach was taken to deliver the intervention over the phone; however a post clinic 
appointment in a gym may have facilitated more participation.  
206
The theoretical framework for this research was based upon SCT. However, 
physical activity interventions often also incorporate the trans-theoretical model 
(TTM) to help explain the stages that most people experience as they try to change 
their behaviour over time. Exercise interventions may be more individually tailored 
if health professionals are aware of the stage of change a patient is at and is therefore 
recommended for future research in this area. 
The role of health professionals in moderating adherence to the home exercise 
program was expressed in conversation at the telephone follow up calls in Study 2 
although it was not measured. Previous research has reported that older adults 
identify health professionals particularly physicians, as important in informing their 
decisions on the uptake of physical activity (Grossman & Stewart, 2003).  
The ethnic make-up of this sample limits generalisability, with the majority of 
participants being Caucasian (Australian Bureau of Statistics., 2011). Finally, the 
intervention protocol was designed to strengthen the calf muscle to help assist with 
venous return in conjunction with best care practice of high compression bandaging. 
However, the results in both Study 1 and Study 2 highlighted that patients are aware 
of their affected gait and therefore feel unsteady which appears to impact on the 
amount of physical activity they participate in. In addition to this, the Tinetti gait and 
balance measure predicted those participants who healed at 12 weeks. Therefore a 
limitation of this research is that the intervention should have considered the gait and 
balance needs of this population.  
 
8.3 IMPLICATIONS FOR PRACTICE 
Chronic disease has been suggested to be the primary cause of death and 
disability in the world by 2020 (Epping-Jordan, Pruitt, Bengoa, & Wagner, 2004). 
Finding the best management for chronic disease is therefore imperative, and self-
management has been advocated as an effective way to deal with increasing numbers 
of patients and escalating costs. While there are differences in the nature of each 
chronic disease, there are similarities in the cognitive processes required for 
successful self-management behaviours. Hence, although this self-management 
program specifically targeted adults with VLUs, the useful strategies to strengthen 
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self-efficacy and outcome expectations from this study, could be applied in self-
management education programs for people with other chronic disease.  
Implications for practice that emanate from this research focus on the 
development of awareness and understanding by health care professionals of the fear 
and limitations surrounding exercise for adults with VLUs and identifying 
opportunities for support. Therefore, health professionals and staff involved in 
interventions to support exercise need to be appropriately qualified and experienced.  
Inherent in these findings is the implication that screening of self-efficacy for 
exercise and outcome expectations for exercise at baseline will identify those adults 
with VLUs who require more support than a self-management exercise program can 
offer, thereby reducing the impact.  
The insights presented in this study into exercise and adults with VLUs have 
the potential to improve healing outcomes, and have wider implications on functional 
outcomes such as improvement of range of ankle motion if simple home-based 
exercises are adhered to. 
 
8.4 RECOMMENDATIONS FOR FURTHER RESEARCH 
Recommendations for future studies have been highlighted from the reported 
results. The first recommendation emanates from the limitations reported for this 
research. In view of the clinical difference in outcomes for the effect of healing and 
functional outcomes with a limited sample size, this warrants further research with a 
larger sample size that has the power to detect change over time between groups. In 
addition to the sample size, research with a sample that is more representative of the 
diversity within the general community, through recruitment from a range of sources 
would make an important contribution. In addition, stratification is pertinent in trials 
involving participants with chronic diseases such as VLUs to ensure homogeneity in 
prognostic characteristics between groups. Further research is needed to identify 
differences in outcome between patients with early or long-term VLUs and differing 
types of treatment or stages of readiness for change. 
The three month cut-off period in this research was a feature of time 
constraints of a PhD study. Long term follow up with exercise interventions 
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especially with this patient population is crucial given the high levels of recurrence 
currently experienced. In view of this the second recommendation is that longitudinal 
studies that examine long term impact of exercise up to twelve months would be 
beneficial in developing evidence based guidelines to support practice.  
Interventions that specifically target self-efficacy and self-care are relatively 
recent (Heinen et al., 2012) and those reviewed in this thesis have been shown to be 
effective. However, they have not been widely implemented. For this reason the third 
recommendation is that randomised controlled trials of targeted interventions that 
have been identified (Heinen et al., 2012; Jull et al., 2009; O'Brien et al., 2013; 
Padberg et al., 2004) should be conducted to confirm their cost-effectiveness. This 
would make an important contribution to ensuring that interventions in this area are 
robust and cost-effective.  
The fourth recommendation emanates from the limitations reported in this 
research. It is possible that the participants who participated and were able to sustain 
participation were healthier and more socially integrated and functioning than those 
who did not participate. Ironically, patients who did not participate may be those who 
may derive more benefit from involvement in studies and interventions. 
The fifth recommendation for future research focuses on improving the gait 
and balance of adults with VLUs. There is evidence from Study 1 that fear surrounds 
exercising in adults with VLUs either because they fear exercise will cause further 
harm, or that exercise will result in a fall, as participants reported feeling unsteady on 
their feet. Interestingly, the Tinetti Gait and Balance measure was significantly 
associated with whether an ulcer healed or not. It is not clear from this research if 
poor balance leads to poor physical activity outcomes or vice versa. However, the 
relationship seems to suggest in conjunction with an exercise program that improves 
the calf muscle pump function, gait and balance also need to be treated.  
Experiences from this research inform the sixth recommendation. Due to the 
subjective nature of adherence, any reliable evaluation needs to be multifaceted 
(Brewer et al., 2002). Obtaining more than one measure is recommended and should 
include both self-report and reasonable objective measures (Sabaté, 2003). 
Adherence is described as the most ‘unpredictable and least controlled variable in 
medical interventions’(O'Brien, 2010). Non-adherence with treatment programs can 
result in reduced treatment benefits (O'Brien, 2010).  
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Taking account of the time needed to complete this type of research is 
essential, as it generally requires rolling recruitment which is time consuming, but is 
also important in providing the time to engage meaningfully with each participant 
and gain their trust from the outset. Maintaining flexibility with phone call schedules 
and prompt response to queries are some strategies that were found to be effective in 
achieving this. It would be beneficial to test whether the “VaLUE” protocol can be 
implemented by clinical nurses in the wound care setting or if group based exercise 
programs could improve adherence rates. Cost-effectiveness could be compared for 
implementation purposes. Long term follow up to assess adherence over time is 
necessary to make a true impact to a self-management program.  
An underexplored concept of this research is ‘body shame’ and although not 
examined specifically in either Study, the PhD Candidate questions if there is a 
relationship between adherence to an exercise program for participants with a low 
body self-image or self-worth. Poor body image has been cited as one of the main 
reasons for adults not exercising although they know that they should in other 
chronic disease portfolios such as diabetes and has been well documented as a 
consequence of experiencing venous leg ulceration (Ebbeskog & Ekman, 2001). 
Other studies have highlighted feelings of embarrassment, anxiety and reduced self-
confidence in relation to body image in people with VLU (Flaherty, 2005; Jones, 
Barr, Robinson, & Carlisle, 2006; Mudge, Holloway, Simmonds, & Price, 2006) 
which may contribute to feelings of inadequacy in relation to exercise not captured 
by the self-report measures in Study 2. 
 
8.5 CONCLUSION 
Studies have shown that calf muscle exercises are effective in improving the 
haemodynamics of the venous system. This study has shown that those participants 
who adhere to the exercise program as an adjunctive treatment to standard care are 
significantly more likely to heal than those who do not adhere to the exercises and 
standard care. Future studies should focus on ways to improve adherence with this 
patient population.  
Avenues for implementation that have the potential to improve outcomes for 
adult with VLUs have been identified such as this self-management exercise program 
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delivered over the telephone. In addition, possible important moderating influences 
of outcome expectations for exercise and self-efficacy and their potential buffering 
have also been identified as important for consideration and inclusion for future 
research.  
. 
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PARTICIPANT INFORMATION FOR QUT RESEARCH PROJECT 
The meaning of exercise to adults with venous leg ulcers 
QUT Ethics Approval Number 1100001290 
RESEARCH TEAM  
Principal Researcher: Jane O’Brien, PhD student, QUT 
Associate Researchers: Professor Helen Edwards, Head of School of Nursing, QUT 
Dr Kathleen Finlayson, Research Fellow, QUT 
Professor Graham Kerr, QUT 
DESCRIPTION 
This research is being undertaken as part of a Doctor of Philosophy degree and will be conducted under the 
guidance of experienced researchers from the School of Nursing and School of Human Movement Studies 
from the Queensland University of Technology. The purpose of this project is to identify venous leg ulcer 
patients’ perceptions of exercise, the barriers to exercise and the self-management strategies used in 
relation to exercise. You are invited to participate in this project because you have been identified as having 
a venous leg ulcer and are currently attending QUT’s Wound Healing Community Outreach Service. 
PARTICIPATION 
I would like to have the opportunity to discuss exercise/ physical activity with you in relation to your venous 
leg ulcer. The discussion will involve other participants in a small group (4 – 6) who also have a venous leg 
ulcer. The discussion will be held at the QUT Health Clinic building (44 Musk Ave, Kelvin Grove). It will take 
about 30 minutes.  
You will be asked to respond to questions such as how your leg ulcer affects your ability to be physically 
active and if you think exercising will make a difference to your leg ulcer. The discussion will be recorded by 
a staff member who types in shorthand as you talk and it will also be audio taped.  
EXPECTED BENEFITS 
It is expected that this project will not benefit you directly. However, I plan to use the information from the 
discussions to develop an exercise program for patients with venous leg ulcers. What is learned from the 
discussion will be used to help patients with venous leg ulcers in the future overcome barriers toward 
exercise. To recognise your contribution should you choose to participate, the research team is offering 
morning tea to be served during the discussion group. 
RISKS 
Participation in the discussion group is voluntary. You are free to leave at any time without comment or 
penalty. Please be aware that your decision to participate, or not, will in no way impact upon your current or 
future relationship with your clinical treatment at the QUT Wound Healing Service. There are no risks 
beyond normal day-to-day living associated with your participation in this project.  
However if participation does cause discomfort or distress QUT provides for limited free counselling for 
research participants of QUT projects who may experience discomfort or distress as a result of their 
participation in the research.  Should you wish to access this service please contact the Clinic Receptionist of 
the QUT Psychology Clinic on 3138 0999.  Please indicate to the receptionist that you are a research 
participant. 
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 PRIVACY AND CONFIDENTIALITY 
I do not wish anyone to be identified through the information that I collect. All comments and responses will 
be treated confidentially and following transcription all data will be anonymous. The names of individual 
persons are not required in any of the responses. Audio tapes will be destroyed when the information has 
been examined. No information about this study will be published in any form that would allow you to be 
recognised.  
This work is supported by the Wound Management Innovation CRC (established and supported under the 
Australian Government’s Cooperative Research Centers Program). The funding body (CRC) will not have 
access to any identifying information. 
Please note that non-identifiable data collected in this project may be used as comparative data in future 
projects. 
CONSENT TO PARTICIPATE 
I would like to ask you to sign a written consent form to confirm your agreement to participate. 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If have any questions or require any further information about the project please contact one of the 
research team members below. 
Jane O’Brien – PhD Candidate Professor Helen Edwards – Head of the School 
School of Nursing – Faculty of Health  School of Nursing – Faculty of Health 
Phone   3138 6419 Phone   3138 3844 
Email   j3.obrien@qut.edu.au Email   h.edwards@qut.edu.au 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects.  However, if you do 
have any concerns or complaints about the ethical conduct of the project you may contact the QUT Research 
Ethics Unit on 3138 5123 or email ethicscontact@qut.edu.au. The QUT Research Ethics Unit is not connected 
with the research project and can facilitate a resolution to your concern in an impartial manner. 
Thank you for helping with this research project.  Please keep this sheet for your information. 
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CONSENT FORM FOR QUT RESEARCH PROJECT 
The meaning of exercise to adults with venous leg ulcers 
QUT Ethics Approval Number 1100001290 
RESEARCH TEAM CONTACTS 
Jane O’Brien – PhD Candidate Professor Helen Edwards – Head of the School 
School of Nursing – Faculty of Health  School of Nursing – Faculty of Health 
Phone   3138 6419 Phone   3138 3844 
Email   j3.obrien@qut.edu.au Email   h.edwards@qut.edu.au 
  
Dr Kathleen Finlayson – Research Fellow Professor Graham Kerr  
School of Nursing – Faculty of Health School of Human Movement Studies – Faculty of Health 
Phone   3138 6105 Phone   3138 6303 
Email   k.finlayson@qut.edu.au Email   g.kerr@qut.edu.au 
STATEMENT OF CONSENT 
I  __________________________________________________________________  (please print full name) 
have read the information sheet “The meaning of exercise to adults with venous leg ulcers” and had any 
questions or queries answered to my satisfaction. 
By signing below, I am indicating that I: 
 have read and understood the information document regarding this project 
 have had any questions answered to my satisfaction 
 understand that if I have any additional questions I can contact the research team 
 understand that I am free to withdraw at any time, without comment or penalty 
 understand that I can contact the Research Ethics Unit on 3138 5123 or e-mail 
ethicscontact@qut.edu.au if I have concerns about the ethical conduct of the project 
 understand that the project will include audio recording 
 understand that non-identifiable data collected in this project may be used as comparative data in 
future projects 
 agree to participate in the project. 
I hereby consent to be involved in this study. 
_________________________________________________ _____________________ 
Signed (discussion group member)  (Date) 
_________________________________________________ 
Witnessed by (please print) 
_________________________________________________ _____________________ 
Witness signature  (Date) 
Please return this sheet to the investigator. 
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Semi-structured question guide 
 
 
BACKGROUND 
Can you tell me what do you believe to be the cause of your leg ulcer? 
Can you tell me what do the terms physical activity/exercise mean to you in relation to 
your leg ulcer? 
Are you aware of any recommendations/ guidelines of what type of exercise to do, for how 
long or how often in relation to your age and for your health condition? 
Do you prefer the term physical activity or exercise? Why, why not? 
How does your leg ulcer affect your ability to exercise? 
Is there any difference how physically active you are now compared to before you got your 
leg ulcer trouble?  
Would you like to improve your current level of physical activity?  
 
SELF-MANAGEMENT 
Benefits of exercise 
Can you tell me the benefits you believe are associated with physical activity? 
Do you believe that physical activity will make any difference with regards to your leg 
ulcer?   
Can you tell me what motivates you to be physically active? 
Can you tell me what has helped you to maintain being physically active? 
Barriers to exercise 
Can you tell me what do you consider the disadvantages of being physically active?  
Can you tell me what barriers have you had to overcome in the past? 
How did you overcome these barriers?  
Can you tell me what would help you to overcome those barriers? 
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If you were asked to do exercises/physical activity what would encourage you to 
commence it and continue to do it?? 
 
 
SELF-EFFICACY 
Can you tell me what would make you feel confident to commit to an exercise program? 
 Ongoing telephone support 
 Exercise booklet 
 Activity diary 
 Pedometer 
 Anything else? 
Establishing a routine is important when committing to exercise – can you tell me how you 
structure your day and how you could see fitting in a simple exercise program? 
 
SOCIAL SUPPORT 
How do your friends/family/health professionals encourage you to exercise? 
Do your friends/family participate in exercise with you? 
Can you tell me what do you think they could do to help you? 
 
Prompts for brief answers could you expand a little bit more….? Could you be more 
specific….? An example of a prompt for clarification will be, do you mean 
 
218
  
Appendix B 
 
Study 2 
219
  
 
Version 26. 3.9.2013 
 
PARTICIPANT INFORMATION FOR QUT RESEARCH PROJECT 
A self-management based intervention for promoting physical activity and healing 
outcomes for adults with venous leg ulcers. 
QUT Ethics Approval Number 1200000060 
 
 
RESEARCH TEAM  
Principal Researcher: Jane O’Brien, PhD student, Queensland University of Technology (QUT) 
Associate Researchers: Prof. Helen Edwards, Head, School of Nursing, QUT 
Dr Kathleen Finlayson, Research Fellow, School of Nursing, QUT 
Prof. Graham Kerr, School of Exercise and Nutrition Sciences, QUT 
 
DESCRIPTION 
This research is being undertaken as part of a Doctor of Philosophy degree and will be conducted under the 
guidance of experienced researchers from the School of Nursing and School of Exercise and Nutrition 
Sciences from QUT. The purpose of this project is to examine whether a self-management telephone based 
intervention will promote healing rates, physical activity levels, functional ability and self-efficacy for 
exercise for adults with venous leg ulcers.  
You are invited to participate in this project because you have been identified as having a venous leg ulcer 
and are currently attending QUT’s Wound Healing Community Outreach Service or the Royal District Nursing 
Service (RDNS) in Melbourne. 
 
PARTICIPATION 
If you agree to participate in the study, clinical information related to your leg ulcer will be collected from 
yourself and your medical records held at QUT’s Wound Healing Service or the RDNS during your 
appointments for up to 12 weeks, or until the ulcer has healed, whichever is earlier. You will be randomly 
allocated to a usual care or an intervention group. A clinical assessment will be performed on your first visit and 
12 weeks from recruitment. During this assessment you will be asked to: 
 Walk a short distance (10 meters) and have your walking patterns recorded. 
 Point your toes down and up to assess your ankle range of ankle motion. 
You will also be asked to fill in a Questionnaire at the beginning of the study, then again at 12weeks from 
recruitment. It will ask questions on your general health, pain and quality of life and will take approximately 
15-20 minutes of your time. e.g. if your ulcer has healed. If you agree to participate you do not have to 
complete any question(s) that you are uncomfortable answering. For example, questions will include: 
On a scale of 1–7, how confident are you that you can do regular, moderate physical activity such as three times per week for 
30 minutes if:  
 Not at all confident Totally confident 
a) The weather was bothering you   1 2 3 4 5 6 7 
b) You were bored by the program or activity 1 2 3 4 5 6 7 
If you are allocated to the intervention group telephone calls will be made to you one week after you receive 
the pedometer and exercise booklet, and again at week four, six and eight. In addition a face to face 
coaching session will be provided in week 2 at your nurse home visit for wound dressing change.  
The telephone calls will involve goal setting and positive reinforcement. Motivational advice or relapse 
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prevention coaching will be provided if necessary. If you are allocated to the usual care group you too will 
receive a pedometer and telephone calls as above however you will not be provided any goal setting 
strategies, you will however receive the same generic brochure as the intervention group “Taking care of 
your legs”.  
Your participation in this project is entirely voluntary. If you do agree to participate, you can withdraw from the 
project at any time without comment or penalty. Your decision to participate, or not participate, will in no way 
impact upon your current or future relationship with QUT or with the QUT Wound Healing Community 
Outreach Service or the RDNS. 
 
EXPECTED BENEFITS 
The benefits of being involved in this project are twofold. Regardless of which group you are allocated to, you will 
receive additional information regarding ways to increase your physical activity.  Expected future benefits from 
the results of this study will assist in clinical guidelines for promoting physical activity, leading to more 
tailored treatments to improve healing outcomes and quality of life. The data collected from you up until 
this time will be used in the study. 
 
RISKS 
There is a small risk that you may suffer physical stress during the functional testing however you will not be 
asked to perform any measure you do not feel comfortable in completing.  
 
PRIVACY AND CONFIDENTIALITY 
All data will be coded and treated confidentially. Only members of the research team will have access to the 
information provided. No identifying information or names will be included in any research reports or 
publications. The project is supported by the Australian Postgraduate Award Scholarship, Wound 
Management Innovation Cooperative Research Centre (CRC) and Institute of Health and Biomedical 
Innovation (IHBI) top up awards. The CRC program is an Australian Government Initiative administered by 
the Department of Innovation, Industry, Science and Research. The funding body will not have access to 
personally identifying information about you that may be obtained during the project. Please note that non-
identifiable data collected in this project may be used as comparative data in future projects for which additional 
HREC approval will be sought. 
 
CONSENT TO PARTICIPATE 
We would like to ask you to sign a written consent form (enclosed) to confirm your agreement to 
participate. 
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QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If you have any questions or require any further information about the project please contact one of the research 
team members below. 
Jane O’Brien 
Phone: 07 3138 6419 
Fax:   07 3138 5895 
Email:  j3.obrien@qut.edu.au 
Prof. Helen Edwards 
Phone: 07 3138 3844 
Fax:   07 3138 5895 
Email:  h.edwards@qut.edu.au 
  
Jacinta Anderson, Research Nurse 
RDNS Institute, Royal District Nursing Service 
Phone: 0409 640 572 
Fax:  03 9537 0282 
Email: janderson1@rdns.com.au 
Rajna Ogrin, Senior Research Fellow 
RDNS Institute, Royal District Nursing Service 
Phone: 03 6536 5245 
Mobile: 0400 253 459 
Fax: 03 9537 0282 
Email: rogrin@rdns.com.au 
 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects.  However, if you do have any 
concerns or complaints about the ethical conduct of the project you may contact the QUT Research Ethics Unit 
on 3138 5123 or email ethicscontact@qut.edu.au. The QUT Research Ethics Unit is not connected with the 
research project and can facilitate a resolution to your concern in an impartial manner. 
 
 
Thank you for helping with this research project.  Please keep this sheet for your information.   
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CONSENT FORM FOR QUT RESEARCH PROJECT 
A self-management based intervention for promoting physical activity 
QUT Ethics Approval Number 1200000060 
RESEARCH TEAM CONTACTS 
Jane O’Brien 
Phone: 07 3138 6419 
Fax:   07 3138 5895 
Email:  j3.obrien@qut.edu.au 
Prof. Helen Edwards 
Phone: 07 3138 3844 
Fax:   07 3138 5895 
Email:  h.edwards@qut.edu.au 
  
Jacinta Anderson, Research Nurse 
RDNS Institute, Royal District Nursing Service 
Phone: 0409 640 572   
Fax:  03 9537 0282 
Email: janderson1@rdns.com.au 
Rajna Ogrin, Senior Research Fellow 
RDNS Institute, Royal District Nursing Service 
Phone: 03 6536 5245 
Mobile: 0400 253 459   
Fax: 03 9537 0282 
Email: rogrin@rdns.com.au 
STATEMENT OF CONSENT 
By signing below, you are indicating that you: 
 Have read and understood the information document regarding this project. 
 Have had any questions answered to your satisfaction. 
 Understand that if you have any additional questions you can contact the research team. 
 Understand that you are free to withdraw at any time, without comment or penalty. 
 Understand that you can contact the Chair of the RDNS Human Research Ethics Committee on 03 9536 
5322 or email ethics@rdns.com.au or QUT Research Ethics Unit on 07 3138 5123 or email 
ethicscontact@qut.edu.au if you have concerns about the ethical conduct of the project. 
 Understand that non-identifiable data collected in this project may be used as comparative data in future 
projects. 
 Agree to participate in the project, for which additional HREC approval will be sought. 
 
Name  
Signature  
Date   
Please return this sheet to the investigator. 
223
Page 1 of 2 
 Image Release:  Research Participants 
A photographic image (including a video recording) which is sufficiently clear to enable you to be identified as an individual is 
personal information.  Queensland University of Technology seeks to comply with the Information Privacy Principles as set 
out in the Information Privacy Act 2009. QUT shall, from time to time, endorse a privacy policy (see www.mopp.qut.edu.au ) 
to ensure that personal information is used and disclosed only in ways which are consistent with privacy principles and will 
otherwise comply with QUT’s privacy obligations under statute.  In general, personal information is not disclosed or 
published except where an individual’s consent has been obtained. 
 QUT is seeking your consent to use an image of you in conference presentations, educational brochures or 
publications. 
 Participation in this release is voluntary. 
 Your decision to participate or to not participate will in no way impact upon your current or future relationship with 
Jane O’Brien or with QUT. 
If you have any questions please ensure you have discussed them and are comfortable with the response before providing 
consent.  You may choose to discuss participation with the following people: 
 Jane O’Brien. 
 Family or friends. 
What is the release about? We are collecting images to showcase leg ulcer patients performing exercises and testing 
sessions. 
Why do you want to include me? The images will show participants such as yourself performing ankle exercises or 
undergoing testing as part of this trial and will be used at conferences with other health professions. 
What will you ask me to do? Your participation will involve completing the exercises and the testing as part of this trial. 
There will only be a few photos taken and this will not interfere with your testing session. 
Are there any benefits for me in taking part? While these images are not expected to provide tangible or intangible 
benefits to participants, the research team seeks to benefit from these images by raising awareness of the research being 
undertaken by the research team. 
Are there any risks for me in taking part?   We believe there are minimal risks with your participation in these images 
which you should consider such as: 
Revealing your image in these photographs will mean that family members, friends, and others may become aware 
you have participated in this research study and may have or have had a leg ulcer. 
Confidentiality The faces of all participants will be included in the images.  QUT understands that participants may not wish 
to be named in these images.  As a result the names of all participants will be excluded from these images.  QUT will only 
identify you in the images on the basis of your association with the researcher, i.e. participant in exercise research program: 
Who will see the images?  The images will be shown to an audience of health care professionals at National and 
International Conferences. 
Can I change my mind?  You will have the opportunity to view the images as we plan to use them and can decide to 
withdraw at that stage.  However, once the images are produced it will not be possible to withdraw. 
I am interested – what should I do next? All persons appearing in these images will be required to sign the attached 
Consent Form, acknowledging that they have read and understood the Image Release Information Sheet and agree to allow 
the use of their image for QUT promotional purposes.  
If you have any questions about this video, please do not hesitate to contact: 
Jane O’Brien PhD student, QUT 
School of Nursing, Faculty of Health  
Phone 3138 6419 
Email j3.obrien@qut.edu.au  
 
 
Thank you for helping with this research project.  Please keep this sheet for your information.   
224
Page 2 of 2 
 Image Release:  Research Participants 
PLEASE RETURN THIS COMPLETED FORM TO JANE O’BRIEN.     A COPY WILL BE PROVIDED FOR YOUR RECORDS 
If you agree to give consent regarding the use of your image, please read and complete the consent below.   
Consent 
 I agree to the University using, reproducing and disclosing photographic or video images of me 
as explained in this Image Release: Research Participants Information Sheet and Consent Form. 
 
 I agree that I will make no claim against QUT for any payment or fee for appearing in 
promotional material or advertisements and release QUT from any other claims arising out of 
the University’s use of the images of me. 
 
 I understand that the anonymity afforded me as a participant in the research project ‘The 
benefits of a self-management telephone intervention for promoting exercise and healing 
rates for adults with venous leg ulcers’ will be rescinded if I appear in this image. 
 
 
Name  
Signature  
Date   
Please return this sheet to the investigator. 
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Dear Current WRAP Research Participant, 
 
Thank you for your involvement in one of our current research projects, your continued support is very 
much appreciated! We are pleased to invite you to become a part of another research project looking at 
understanding the benefits of a self-management telephone intervention for adults with venous leg ulcers 
 
The Queensland University of Technology in conjunction with the Wound Management Innovation CRC are 
conducting a trial to promote exercise for adults with venous leg ulcers, called the VaLUE trial.  The 
principal investigator is Jane O’Brien, a PhD candidate, and her supervising investigator is Professor Helen 
Edwards.  We have approval from RDNS HREC to recruit participants such as yourself in relation to finding 
out how much physical activity you currently are performing and helping you to find ways to do a little 
more if you are in the exercise group. It is envisioned that this will involve little additional time for you as 
lower limb exercises such as heel raises are recommended as part of your current best practice care. 
However, we are trying to get an idea of how much or how little people actually do of these exercises and 
how this affects the healing of venous leg ulcers. Therefore, your consideration of this project would be of 
great benefit for the greater community to be able to help others like yourself who may have or had a 
venous leg ulcer. 
 
The research nurse managing this project is Jacinta Anderson whom you will know from the WRAPS study. 
Jacinta has kindly agreed to assist with explaining this project, recruiting participants based upon your 
agreement and collecting important functional information such as your balance. Jacinta will call you in 
one weeks time to follow up with you should you have any questions in relation to this project. A detailed 
patient information and consent form has also been included for your perusal. 
  
Please if you require any further information please contact either Jacinta Anderson – Research Nurse 
(RDNS Institute, Royal District Nursing Service) on phone: 0409 640 572 or email 
janderson1@rdns.com.au. Alternatively you can contact Jane O’Brien on 07 3138 6419 or email at 
j3.obrien@qut.edu.au 
 
 
 
Thank you for your time. 
 
Best regards, 
 
 
Jane O’Brien — RN, ESSAM AEP, PhD Candidate 
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Dear Previous WRAP Research Participant, 
 
Thank you for your past involvement in one of our research projects, your involvement has been very 
much appreciated! We are pleased to invite you to become a part of another research project looking at 
understanding the benefits of a self-management telephone intervention for adults with venous leg ulcers 
 
The Queensland University of Technology in conjunction with the Wound Management Innovation CRC are 
conducting a trial to promote exercise for adults with venous leg ulcers, called the VaLUE trial.  The 
principal investigator is Jane O’Brien, a PhD candidate, and her supervising investigator is Professor Helen 
Edwards.  We have approval from RDNS HREC to recruit participants such as yourself in relation to finding 
out how much physical activity you currently are performing and helping you to find ways to do a little 
more if you are in the exercise group. It is envisioned that this will involve little additional time for you as 
lower limb exercises such as heel raises are recommended as part of your current best practice care. 
However, we are trying to get an idea of how much or how little people actually do of these exercises and 
how this affects the healing of venous leg ulcers. Therefore, your consideration of this project would be of 
great benefit for the greater community to be able to help others like yourself who may have or had a 
venous leg ulcer. 
 
The research nurse managing this project is Jacinta Anderson whom you will know from the WRAPS study. 
Jacinta has kindly agreed to assist with explaining this project, recruiting participants based upon your 
agreement and collecting important functional information such as your balance. Jacinta will call you in 
one weeks time to follow up with you should you have any questions in relation to this project. A detailed 
patient information and consent form has also been included for your perusal. 
  
Please if you require any further information please contact either Jacinta Anderson – Research Nurse 
(RDNS Institute, Royal District Nursing Service) on phone: 0409 640 572 or email 
janderson1@rdns.com.au. Alternatively you can contact Jane O’Brien on 07 3138 6419 or email at 
j3.obrien@qut.edu.au 
 
 
 
Thank you for your time. 
 
Best regards, 
 
 
Jane O’Brien — RN, ESSAM AEP, PhD Candidate 
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This survey will ask questions about your physical activity patterns and feelings toward 
being active.  
There are no right or wrong answers; the aim is to record the effect that having a leg ulcer 
has on your everyday activity. 
We have used a number of separate scales in this questionnaire. Please answer all of the 
questions to the best of your ability. 
 
If you have any queries or difficulties answering the questions or would prefer to answer 
via the telephone, please don’t hesitate to contact: 
 
 
Jane O’Brien (IHBI, Queensland University of Technology) 
Phone: 07 3138 6419 or Email: j3.obrien@qut.edu.au 
 
OR  
 
Jacinta Anderson, Research Nurse (RDNS Institute, Royal District Nursing Service) 
Phone:0409 640 572 or Email: janderson1@rdns.com.au 
 
 
After completing your survey please return it (in the pre-paid envelope provided) to: 
 
Jane O’Brien 
Institute of Health and Biomedical Innovation 
Level 6 Q Block 
60 Musk Ave 
Kelvin Grove.  Q  4059 
 
 
 
 
 
 
Thank you for taking part in the survey! 
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This section asks how confident you are about doing regular physical activity in different 
circumstances.  
 
1. On a scale of 1 – 7, how confident are you that you can do ankle and leg exercises everyday if:  
 
         Not at all confident Totally confident 
a) The weather was bothering you             
 
1 2 3 4 5 6 7 
b) You were bored by the program or activity 
 
1 2 3 4 5 6 7 
c) You felt pain when exercising 
 
1 2 3 4 5 6 7 
d) You had to exercise alone 
 
1 2 3 4 5 6 7 
e) You did not enjoy it 
 
1 2 3 4 5 6 7 
f) You were too busy with other activities 
 
1 2 3 4 5 6 7 
g) You felt tired 
 
1 2 3 4 5 6 7 
h) You felt stressed 
 
1 2 3 4 5 6 7 
i) You felt depressed 
 
1 2 3 4 5 6 7 
 
 
2. The next questions ask about a number of outcomes that could occur if you walked regularly. 
Please tell me how much you agree or disagree with the following statements – whether you 
strongly agree (SA), agree (A), neutral (N), disagree (D) or strongly disagree (SD). 
          
If you walk (or do physical activity) regularly........... 
 SD D N A SA 
a) You feel better physically  
 
1 2 3 4 5 
b) Your  mood gets better in general  
 
1 2 3 4 5 
c) You feel less tired  
 
1 2 3 4 5 
d) You feel it makes your muscles stronger  
 
1 2 3 4 5 
e) You enjoy doing it 
 
1 2 3 4 5 
f) You feel a sense of personal accomplishment  
 
1 2 3 4 5 
g) You feel more alert mentally  
 
1 2 3 4 5 
h) You feel it Improves your endurance in performing my daily activities 1 2 3 4 5 
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3. The next questions ask about your beliefs in relation to physical activity. Please tell me how 
much you agree or disagree with the following statements – whether you completely agree, unsure 
or completely disagree. 
 
 Completely 
disagree 
Unsure Completely 
agree 
a) My leg ulcer pain was caused by physical 
activity             
 
0 1 2 3 4 5 6 
b) Physical activity makes one’s leg ulcer pain 
worse 
 
0 1 2 3 4 5 6 
c) Physical activity might be harmful 
 
0 1 2 3 4 5 6 
d) One should not do physical activities which 
might make one’s leg ulcer pain worse 
 
0 1 2 3 4 5 6 
e) I cannot do physical activities which might 
make my leg ulcer pain worse 
 
0 1 2 3 4 5 6 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thank you for your time to fill out this questionnaire. 
Your participation is appreciated. 
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This survey will ask questions about your general health, pain levels and quality of life.  
There are no right or wrong answers; the aim is to record the effect that having a leg ulcer 
has on your everyday life. 
We have used a number of separate scales in this questionnaire and are aware that there 
is sometimes an overlap of questions. Each scale is scored separately however so please 
answer all of the questions. 
 
 
If you have any queries or difficulties answering the questions or would prefer to answer 
via the telephone, please don’t hesitate to contact: 
 
 
Christina Parker (IHBI, Queensland University of Technology) 
Phone: 07 3138 6107  or  Email: christina.parker@qut.edu.au 
 
OR 
 
Kathy Finlayson (IHBI, Queensland University of Technology)    
Phone: 07 3138 6105    or  Email: k.finlayson@qut.edu.au. 
 
 
 
 
 
After completing your survey please bring it when you have your next visit, or if your ulcer 
has healed, please return the survey (in the pre-paid envelope provided) to: 
 
Christina Parker 
Institute of Health and Biomedical Innovation 
Level 6 Q Block 
60 Musk Ave 
Kelvin Grove.  Q  4059 
 
 
 
 
 
 
Thank you for taking part in the survey! 
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The first section asks about your level of health, well-being and physical activity. 
Please place a cross in the box that applies to you. 
1. How many times during the last month did you participate 
in vigorous activities that lasted at least 10 minutes and 
caused large increases in breathing, heart rate or leg 
fatigue or caused you to perspire? 
 Not at all 
 1 – 3 times per month 
 1 – 2 times per week 
 3 – 4 times per week 
 Over 5 times per week 
 Don’t know 
2. About how long do you do this vigorous activity each 
time? 
 Not applicable 
 10 – 30 minutes 
 31 – 60 minutes 
 Over 60 minutes 
 Don’t know 
3. About how many times per month did you walk for at 
least 10 minutes or more without stopping which was not 
strenuous enough to cause large increases in breathing, 
heart rate or leg fatigues or cause you to perspire? 
 Not at all 
 1 – 3 times per month 
 1 – 2 times per week 
 3 – 4 times per week 
 Over 5 times per week 
 Don’t know 
4. When you did this walking, for how many minutes did 
you do it? 
 Not applicable 
 10 – 30 minutes 
 31 – 60 minutes 
 Over 60 minutes 
 Don’t know 
5. About how many hours a day do you spend moving 
around on your feet while doing things?  
Please report only the time you are actually moving. 
 Not at all 
 Less than 1 hour / day 
 1 to less than 3 hours / day 
 3 to less than 5 hours /day 
 5 to less than 7 hours / day 
 Over 7 hours / day 
 Don’t know 
6. About how many hours per day do you stand?  Not at all 
 Less than 1 hour / day 
 1 to less than 3 hours / day 
 3 to less than 5 hours /day 
 5 to less than 7 hours / day 
 Over 7 hours / day 
 Don’t know 
7. About how many hours on an average day do you 
spend sitting? 
 Not at all 
 Less than 3 hours / day 
 3 to less than 6 hours /day 
 6 to less than 8 hours / day 
 Over 8 hours / day 
 Don’t know 
8. About how many flights of stairs do you climb up each 
day?   (10 steps = 1 flight) ___________________________ 
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For each area of functioning listed below, tick the description that applies.  
 
9. Bathing – either sponge bath; tub bath, or shower 
 
You receive no assistance 
(get in and out of bath / 
shower by self) 
 
You receive assistance in 
bathing only one part of the 
body  (e.g. back or leg) 
 
You receive assistance in 
bathing more than one part 
of the body 
10. Dressing – getting clothes from closets and drawers – including underclothes, outer garments 
and using fasteners 
 
You get clothes and 
completely dressed without 
assistance 
 
You get clothes and get 
dressed without assistance 
except for assistance in tying 
shoes 
 
You receive assistance in 
getting clothes or in getting 
dressed. 
11. Toileting – going to the toilet for bowel and urine elimination; cleaning self after elimination, 
and arranging clothes 
 
You are able to go to the 
toilet, clean self and arrange 
clothes without assistance 
(may use object for support 
such as cane, walker, or 
wheelchair) 
 
You receive assistance in 
going to the toilet, or in 
cleansing self, or in 
arranging clothes after 
elimination, or in use of night 
bedpan or commode 
 
You are unable to go to 
room termed “toilet” for the 
elimination process 
12. Transfer – 
 
You are able to move in and 
out of bed as well as in and 
out of chair without 
assistance (may use object 
for support such as cane or 
walker) 
 
You move in and out of bed 
or chair with assistance 
 
You are unable to get out of 
bed 
13. Continence – 
 
You control urination and 
bowel movement completely 
by self 
 
You have occasional 
“accidents” 
 
Supervision helps keep urine 
or bowel control; catheter is 
used, or are incontinent 
14. Feeding – 
 
You are able to feed self 
without assistance 
 
You are able to feed self 
except for getting assistance 
in cutting meat or buttering 
bread 
 
You receive assistance in 
feeding or are fed partly or 
completely by using tubes or 
intravenous fluids 
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People sometimes look to others for companionship, assistance, or other types of support.   
How often is each of the following kinds of support available to you if you need it? 
 
 Circle one number on each line 
 None 
of the 
time 
A little 
of the 
time 
Some 
of the 
time 
Most 
of the 
time 
All of 
the 
time 
15.  Someone to help you if you were confined to bed. 1 2 3 4 5 
16.  Someone you can count on to listen to you when 
you need to talk.      1 2 3 4 5 
17.  Someone to give you good advice about a crisis. 1 2 3 4 5 
18.  Someone to take you to the doctor if you needed it. 1 2 3 4 5 
19.  Someone who shows you love and affection. 1 2 3 4 5 
20.  Someone to have a good time with. 1 2 3 4 5 
21.  Someone to give you information to help you 
understand a situation. 1 2 3 4 5 
22.  Someone to confide in or talk to about yourself or 
your problems. 1 2 3 4 5 
23.  Someone who hugs you. 1 2 3 4 5 
24.  Someone to get together with for relaxation. 1 2 3 4 5 
25.  Someone to prepare your meals if you were unable 
to do it yourself.      1 2 3 4 5 
26.  Someone whose advice you really want. 1 2 3 4 5 
27.  Someone to do things with to help you get your 
mind off things.     1 2 3 4 5 
28.  Someone to help with daily chores if you were sick 1 2 3 4 5 
29.  Someone to share your most private worries and 
fears with. 1 2 3 4 5 
30.  Someone to turn to for suggestions about how to 
deal with a personal problem. 1 2 3 4 5 
31.  Someone to do something enjoyable with. 1 2 3 4 5 
32.  Someone who understands your problems. 1 2 3 4 5 
33.  Someone to love and make you feel wanted. 1 2 3 4 5 
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Now we would like to know how much you agree with the following statements. Answer every 
question as best you can by marking the answer as indicated.  
 circle one number on each line 
 Not at all 
true 
Barely 
true 
Moderately 
true 
Exactly 
true 
34. I can always manage to solve difficult problems if 
I try hard enough 1 2 3 4 
35. If someone opposes me, I can find means and 
ways to get what I want 1 2 3 4 
36. It is easy for me to stick to my aims and 
accomplish my goals 1 2 3 4 
37. I am confident that I could deal efficiently with 
unexpected events 1 2 3 4 
38. Thanks to my resourcefulness, I know how to 
handle unforeseen situations 1 2 3 4 
39. I can solve most problems if I invest the 
necessary effort 1 2 3 4 
40. I can remain calm when facing difficulties 
because I can rely on my coping abilities 1 2 3 4 
41. When I am confronted with a problem, I can 
usually find several solutions 1 2 3 4 
42. If I am in trouble, I can usually think of something 
to do 1 2 3 4 
43. No matter what comes my way, I’m usually able 
to handle it 1 2 3 4 
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The following questions are about the pain or pains you experienced in the past 4 weeks.  
If you had more than one pain, answer the questions by describing your feelings of pain in general. 
 
If you had no pain at all in the past 4 weeks, please leave the following questions blank. 
44.  During the past 4 weeks, how often have you had pain or discomfort? 
  (Circle One) 
Once or twice………………...…….. 1 
A few times.………………………… 2 
Fairly often..………………………… 3 
Very often…………………………… 4 
Every day or almost every day.…… 5 
45.  When you had pain during the past 4 weeks, how long did it usually last? 
  (Circle One) 
A few minutes………………………. 1 
Several minutes to an hour.……….. 2 
Several hours……………………….. 3 
A day or two…………………………. 4 
More than two days.……………..…. 5 
46.  During the past 4 weeks, how much did pain interfere with the following things? 
 (Circle One Number on Each Line) 
 Not At All A Little Bit Moderately Quite a Bit Extremely 
a. Your mood 1 2 3 4 5 
b. Your ability to walk or move 
about 1 2 3 4 5 
c. Your sleep 1 2 3 4 5 
d. Your normal work (including 
both work outside the home and 
housework) 
1 2 3 4 5 
e. Your recreational activities 1 2 3 4 5 
f. Your enjoyment of life 1 2 3 4 5 
47.  During the past 4 weeks, how many days did pain interfere with the things you usually do? 
(Your answer may range from 0 to 28 days.) 
 WRITE IN NUMBER OF DAYS:  ________________________ 
 
48.  Please circle the one number that best describes your pain on the average over the past 4 
weeks. 
No pain   
Pain as bad as  
you can imagine 
↓                    ↓ 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
49.  Please circle the one number that best describes your pain at its worst over the past 4 weeks. 
No pain 
  Pain as bad as  
you can imagine 
↓                    ↓ 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
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50. Please mark the point on the scale which corresponds to the amount of pain you are 
experiencing. 
No Pain ______________________________________________ Pain as bad as possible 
 
 
 
 
This next section asks for your views about your health and how well you are able to do your 
usual activities.    
 
 
1. Overall, how would you rate your health over the past week?   
[Mark with a  in the one box that best describes your answer.] 
Excellent Very good Good Fair Poor Very poor 
      
   1    2    3    4    5    6 
      
2. Over the past week, how much did physical health problems limit your usual physical  
 activities (walking, climbing stairs)?  
 
 
Not at all 
 
 
Very little 
 
 
Somewhat 
 
 
Quite a lot 
Could not do 
physical 
activities 
     
   1    2    3    4    5 
     
3. Over the past week, how much difficulty did you have doing your daily work, both at  
 home and away from home, because of your physical health?  
 
 
None at all 
 
 
A little bit 
 
 
Some 
 
 
Quite a lot 
Could not 
do daily 
work 
     
   1    2    3    4    5 
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4. How much bodily pain have you had over the past week? 
 
None 
 
Very mild 
 
Mild 
 
Moderate 
 
Severe 
Very 
severe 
      
   1    2    3    4    5    6 
 
5. Over the past week, how much energy did you have? 
Very much Quite a bit Some A little None 
     
   1    2    3    4    5 
6. Over the past week, how much did your physical health or emotional problems limit 
your usual social activities with family or friends?  
 
 
Not at all 
 
 
Very little 
 
 
Somewhat 
 
 
Quite a lot 
Could not 
do social 
activities 
     
   1    2    3    4    5 
7. Over the past week, how much have you been bothered by emotional problems (such as 
feeling anxious, depressed or irritable)? 
Not at all Slightly Moderately Quite a lot Extremely 
     
   1    2    3    4    5 
8. Over the past week, how much did personal or emotional problems keep you from doing 
your usual work, studies, or other daily activities? 
 
 
Not at all 
 
 
Very little 
 
 
Somewhat 
 
 
Quite a lot 
Could not 
do daily 
activities 
     
   1    2    3    4    5 
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Choose the best answer for how you felt over the last week: 
(Please indicate your response) 
59.  Are you basically satisfied with your life? Yes No 
60.  Do you feel that your life is empty? Yes No 
61.  Do you often get bored? Yes No 
62.  Are you in good spirits most of the time? Yes No 
63.  Do you feel happy most of the time? Yes No 
64.  Do you often feel helpless? Yes No 
65.  Do you think that most people are better off than you are? Yes No 
 
 
 
 
 
 
 
Thank you for your time to fill out this questionnaire. 
Your participation is appreciated. 
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A self-management based intervention for promoting physical activity 
and healing rates for adults with venous leg ulcers 
 
ON FIRST VISIT:       DATE  ____________________________ 
Participant Code No.   
Suburb or postcode:                                                              State:  
Age:   
 
Gender  Male  Female  
   
   
 
1.  Primary source of income? Disability pension   Age pension 
Department of Veterans Affairs pension Unemployment benefit 
Self funded retiree   Currently employed 
 
2.   Do you have a Health Care Card? Yes  No 
3.   Are you a carer for another person? Yes  No  
4.   Do you live alone? Yes  No  
History (tick all boxes that apply) 
Medical Condition  Current Medications 
Diabetes Yes  No  
Osteoarthritis Yes  No  
Rheumatoid arthritis Yes  No  
Hypertension Yes  No  
Heart Disease Yes  No  
Cerebro-Vascular Accident Yes  No  
Chronic pulmonary disease Yes  No  
Peripheral Vascular disease Yes  No  
Autoimmune disease Yes  No  
 
Other Medical Condition Other Current Medications 
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Wound/Vascular History (answer Yes or No to each item) 
 
Varicose Veins  Yes  No Right Left 
DVT or clots in your leg  Yes  No Right Left 
Have you had any surgery or major trauma (e.g. fracture) to either leg? 
 Yes  No 
 
Right Left 
Have you had venous surgery to either leg?  Yes  No Right Left 
Have you had cramps or claudication?   Yes  No Right Left 
Do you currently smoke? Yes No 
Do you need a walking aid (e.g. walking stick or frame) to mobilise? Yes No 
Have you ever had an ulcer on either of your lower limbs before?  Yes No 
If yes, which leg or legs were the ulcers on?  Right  Left  Both legs 
If this is not your first leg ulcer, how long ago did you have your first leg ulcer? __________________ 
Height:  Weight:  
 
MST 
1. Have you lost weight in the last six months without trying? 
(a)  No 
(b)  Unsure 
(c)  Yes If yes, how much weight has been lost?    1 – 5kg 
    6 – 10kg 
     11 – 15kg 
     >15kg 
2. Have you been eating poorly because of decreased appetite? 
(a)  No 
(b) Yes 
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Current Ulcer 
Duration of wound __________weeks 
Site  
(tick all that apply)    L  Anterior    Gaiter 
(only include study ulcer)  R  Posterior   Ankle area 
   Medial   Circumferential 
   Lateral   Other (specify) ______________________ 
ABPI: R__________ L__________ 
 Trace wound using Visitrak grid Area____________ (cm )     Photograph wound 
Primary dressing type:  (Specify) _____________________________________________________ 
  Compression (specify) __________________________________________ 
 
Exudate Type:  Serous  Haemoserous  Sanguineous  Purulent   Odourous 
Exudate amount:   Scant/Nil  Small  Moderate  Large  
 
Surrounding Skin  Healthy  Bruised     Dry/Scaly 
   Hyperkeratosis              Maceration  Eczema 
  Blistered  Excoriated          Erythema 
  Cellulits                 Induration  Oedema 
  Haemosiderosis  Callus  Lymphoedema 
  Atrophie Blanche  Lipodermatosclerosis 
 
Other clinical signs of infection   No  Yes (specify) ____________________________ 
Ankle Circ: ________  Calf Circ:   ________ 
     
 
Other Comments: __________________________________________________________________________ 
 
 
Questionnaire  Given  Collected  
Date  __________________________________________ 
Data Collector (signature) __________________________________________ 
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Pressure Ulcer Scale for Healing (PUSH) 
An Instrument to Measure Healing in Pressure Ulcers 
 
 
Participant ID#:  ____________________ 
 
Date:  ____________________ 
 
 
DIRECTIONS: 
Observe and measure the pressure ulcer. Categorize the ulcer with respect to surface area, exudate, 
and type of wound tissue. Record a sub-score for each of these ulcer characteristics. Add the sub-
scores to obtain the total score.  
 
 
Length 
x 
Width 
0 
0 cm2 
1 
< 0.3 cm2 
2 
0.3 – 0.6 
cm2 
3 
0.7 – 1.0 
cm2 
4 
1.1 – 2.0 
cm2 
5 
2.1 – 3.0 
cm2 
Sub 
Score 
 6 
3.1 – 4.0 
cm2 
7 
4.1 – 8.0 
cm2 
8 
8.1 – 12.0 
cm2 
9  
12.1 – 
24.0 cm2 
10 
 24 
cm2 
Exudate 
Amount 
0 
None 
1 
Light 
2 
Moderate 
3 
Heavy 
  Sub 
Score 
Tissue 
Type 
0 
Closed 
1 
Epithelial 
Tissue 
2 
Granulation 
Tissue 
3 
Slough 
4 
Necrotic 
Tissue 
 Sub Score 
Total Score 
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A self-management based intervention for promoting physical activity and healing 
outcomes for adults with venous leg ulcers 
Participant Code No:   
DATE:  WEEK No.   
   
 
 
 Trace wound using Visitrak grid Area__________  Photograph wound 
Is the ulcer healed?   No  Yes   If yes, date healed: _________________ 
Primary dressing type(s):    (specify) ________________________________________ 
Compression:         (specify) _______________________________________________   
How many days/week has the compression bandage remained on? ________________ 
Exudate Type:  Serous  Haemoserous  Sanguineous  Purulent  Odourous 
 
Exudate Amount:    Scant/Nil  Small  Moderate  Large 
Surrounding Skin  Healthy  Bruised     Dry/Scaly  Hyperkeratosis 
  Maceration  Eczema  Blistered  Excoriated 
  Erythema  Cellulits  Induration  Oedema 
  Haemosiderosis  Callus  Lymphoedema 
  Atrophie Blanche  Lipodermatosclerosis 
Surrounding Tissue Temperature _______________________________________________ 
Other clinical signs of infection   No  Yes (specify)  _______________________ 
Ankle Circ:  __________ Calf Circ:  __________ 
 
Any changed medications?   Yes   No Specify  _______________________ 
 
 Date started (if new):  _______________________ 
 Date finished (if a medication ceased):  _______________________ 
Any health events? (e.g. illness, hospitalisation)   No       Yes  (specify) _______________________ 
Data Collector signature __________________________________________________________ 
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Pressure Ulcer Scale for Healing (PUSH) 
An Instrument to Measure Healing in Pressure Ulcers 
 
 
Patient Screening ID#:  ____________________ 
 
Date:  ____________________ 
 
 
DIRECTIONS: 
Observe and measure the pressure ulcer. Categorize the ulcer with respect to surface area, exudate, 
and type of wound tissue. Record a sub-score for each of these ulcer characteristics. Add the sub-
scores to obtain the total score.  
 
 
Length 
X 
Width 
0 
0 cm2 
1 
<0.3 cm2 
2 
0.3 – 0.6 
cm2 
3 
0.7 – 1.0 
cm2 
4 
1.1 – 2.0 
cm2 
5 
2.1 – 3.0 
cm2 
Sub  
Score 
 6 
3.1 – 4.0 
cm2 
7 
4.1 – 8.0 
cm2 
8 
8.1 – 12.0 
cm2 
9  
12.1 – 
24.0 cm2 
10 
>24 cm2 
Exudate 
Amount 
0 
None 
1 
Light 
2 
Moderate 
3 
Heavy 
  Sub  
Score 
Tissue 
Type 
0 
Closed 
1 
Epithelial 
Tissue 
2 
Granulation 
Tissue 
3 
Slough 
4 
Necrotic 
Tissue 
 Sub  
Score 
Total Score 
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Protocol for measuring ankle range of motion using a goniometer 
 
Ankle Range of Motion (ROM) means the measure of the range of movement of the ankle joint  
The total ROM of an ankle is calculated by measuring the Dorsiflexion (DF) and the Plantarflexion 
(PF) angle measurements and adding both measurements together.  
 
Dorsiflexion (DF) measurement: 
Testing position 
1. Ask the client to sit with knee flexed to 90 degrees 
position 
2. Make sure the foot is in 0 degrees of inversion and 
eversion 
3. Note the reference lines for the fibula and 5th 
metatarsal 
 
 
                                                           
 
Goniometer alignment 
a. Place the vertical arm in line with the 
malleolus and with the midline of the fibula, 
using the head of the fibula for reference 
 
b. Align the horizontal arm parallel to the 
lateral aspect of the fifth metatarsal 
 
 
 
 
 
 
Figure 1. Reference lines for the fibula and 5th metatarsal 
Figure 2. Goniometer at 90 degrees 
It is from this position (called 00 or neutral) 
that is measured 
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 4. Now ask the client to move their foot into dorsiflexion (toes toward their shin) as far as 
they can 
5. At the point where the client cannot point any further ask them to briefly hold the 
position 
Goniometer alignment 
a. Move the horizontal arm of the 
goniometer to again be in line with the 
fifth metatarsal 
b. Record the number of degrees of 
movement indicated by the 
goniometer  
 
 
Normal ROM -0 – 20O  
 
 
 
 
 
 
 
Plantarflexion (PF) measurement: 
Testing position  
1. Ask the client to sit with knee flexed to 90 degrees position 
2. Make sure the foot is in 0 degrees of inversion and eversion 
Goniometer alignment (same as Figure 2) 
a. Place the vertical arm in line with the malleolus and with the midline of the 
fibula, using the head of the fibula for reference 
b. Align the horizontal arm parallel to the lateral aspect of the fifth metatarsal 
It is from this position (called 00 or neutral) that PF is measured  
 
3. Now ask the client to move their foot into plantarflexion (point their toes downwards) as 
far as they can. 
4. At the point where the client cannot point any further ask them to briefly hold the 
position 
Figure 3. Dorsiflexion 
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Goniometer alignment 
a. Move the horizontal arm of the 
goniometer to again be in line with 
the fifth metatarsal 
b. Record the number of degrees of 
movement indicated by the 
goniometer 
 
Normal ROM -0 – 50O  
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Figure 4. Plantarflexion 
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Venous leg ulcers, or venous stasis ulcers, are wounds that may occur 
on the lower legs in those people who have poor circulation. This may
be the result of “valves” in the veins that are not working properly
(allowing blood to “pool” in the lower leg). 
Here are some more facts:
Venous leg ulcers can occur in both men and women; and may 
develop as a result of any injury to the leg or conditions such as varicose
vein, blood clot in the leg, multiple pregnancies, overweight and standing
for long periods of time (e.g., job related situations). They can take 
a long time to heal and are costly to treat. Venous leg ulcers can also
cause you to not be able to move and get around. In addition, they 
may cause you pain, fear, anger, and depression.
Signs and symptoms may include:
Swollen legs; change in skin colour to a brownish/red; burning or 
itching sensation; rash, redness or dry, crusty skin. An ulcer is often wet 
or weeping, and may have a yellow-white film covering it. Venous leg
ulcers are usually located just above the ankle.
Caring for your leg ulcer:
Caring for your leg ulcer includes good general health, a healthy diet,
careful cleaning and dressing of the wound and use of special leg 
bandages, called compression bandages. The bandages must be
applied by a trained nurse or physician. 
You may need help from different healthcare providers as well as help at
home. A physician or specially trained nurse will ensure proper assessment,
which includes a physical examination, health history and a simple test
called a Doppler ultrasound to measure the blood flow to your legs. 
If there is good blood flow to your legs, there are treatment options
available to help heal your leg ulcer. Some of the treatment options are
Health Education Fact Sheet
From Nurses for You
Taking Care of Your Legs
Nursing Best
Practice Guideline
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removal of the damaged tissue, appropriate dressings and wearing compression bandages or 
compression stockings. Compression works by helping the muscles to squeeze and push the blood
back up through the veins and reduce swelling in the lower leg.
What can you do to prevent venous leg ulcers?
There are lots of things that you can do to help prevent venous leg ulcers. Here are some suggestions:
Exercise regularly: Walking is the best exercise to assist the calf muscle to push the blood back 
towards the heart. If you are unable to walk, do ankle exercise when at rest. This can be done by 
moving the ankle and foot in a circular motion to the right and then to the left. If you are standing 
for prolonged periods of time, shift your weight from foot to foot, or stand up on tiptoes and 
then lower back down again. Do this a few times.
Position: You must raise your legs as much as possible at all times. If you are in bed or lying on 
a couch, raise your feet so that they are higher than the level of your heart. Support your legs and 
feet with pillows. Do not cross your legs.
Diet: Eat a healthy balanced diet and maintain an appropriate weight for your height. Being overweight 
will put an extra strain on your veins.
Smoking: Cut down or even better, stop smoking as it may interfere with healing. (See the RNAO 
health education fact sheet on smoking cessation available at www.rnao.org/bestpractices)
Shoes: Wear comfortable low-heeled shoes to accommodate stockings or bandages.
Dressings: Do not interfere with the dressings as you may damage or infect the leg ulcer. 
If you experience any discomfort from the dressings or bandages, contact your nurse or other
healthcare professional.
What should you do when the ulcer is healed?
Once the ulcer is healed: check your skin and moisturize daily; continue to wear support stockings
or bandages as prescribed (refer to the manufacturer’s instructions for use or ask your nurse to
demonstrate their use); replace your stockings every 3 to 6 months to maintain a proper level of 
compression; take care not to injure your legs; do not sit close to fire – avoid extreme temperatures;
continue an exercise program, healthy diet and leg elevation as before. If you see any damage to
your skin, contact your nurse or doctor for advice.
This information fact sheet is developed as a supplement to the RNAO Nursing Best Practice
Guideline document for nurses. Its intent is to increase your knowledge and involvement in making
decisions about your health. The nursing best practice guideline, “Assessment and Management of
Venous Leg Ulcers”, is available for public viewing and free download at www.rnao.org/bestpractices.
March 2004
Registered Nurses Association of Ontario
Nursing Best Practice Guidelines Project
111 Richmond St. West, Suite 1100
Toronto, Ontario M5H 2G4
Website: www.rnao.org
This project is funded by the 
Ontario Ministry of Health and Long-Term Care
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Please feel free to contact me if you have any 
questions  
 
Jane O’Brien 
PhD Candidate, RN, ESSAM  AEP 
(07) 3138 6419 
E-mail: j3.obrien@qut.edu.au 
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Welcome 
Welcome to this exercise booklet, it is designed for adults like 
yourself who have a venous leg ulcer. 
1 
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Like most people you have probably heard that exercise is 
good for you. If you are already active keep it up and add 
these specific lower limb exercises to your day.  
 
Don’t worry if you have never exercised or it has been a long 
time. We can work on this together at your pace. 
 
Thank you for being involved with this project. We want to 
help people like you to exercise while being treated with a 
venous leg ulcer. We hope the exercises will improve blood 
flow and your general wellbeing at the same time. 
2 
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This guide can help you to take control of your exercise  
routine. You may want to read through the entire booklet first to 
learn about the benefits of exercise, or we can work through it 
together. 
Using this booklet 
3 
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Worksheets called ‘keep it up’ have been included in your  
exercise pack along with a pedometer. These worksheets 
help you to keep track of your progress with your lower limb 
exercises and your walking by recording your steps  
everyday.  
4 
‘Keep it up’ Worksheets 
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Today we know a lot about the benefits of exercise for older 
adults with different types of chronic conditions. Basically, 
something is better than nothing. So even if you have difficulty 
standing or walking, you can still exercise and benefit from it. 
Benefits of exercise 
7 
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Exercise benefits every area of your life. It can: 
 
 Help improve your circulation, cholesterol levels, reduce 
high blood pressure and can help you to maintain a 
healthy weight 
 Help improve the circulation in your leg and reduce  
 venous oedema 
 Help improve your ability to do the things you want to do  
 Help improve your balance 
 Help improve mood and overall feeling of well-being and 
sleep. It may also improve or maintain aspects of your 
mental function and give you more energy 
 
As you read this you may have noticed the key word is YOU. 
The benefits you gain from exercise will depend on your  
starting point and how much effort you put into it. 
8 
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Goal Setting 
Most people find that having a goal helps them to stay  
motivated. Goals are most important when they are realistic, 
specific and important to you! 
 
 Write down your goals, put them somewhere you can 
see them, and review them regularly.  
 Reward yourself when you meet your goals! 
 Try to make exercise part of your routine 
 Try the seated heel raises if you are reading the  
newspaper or the standing heel raises when you are 
waiting for the jug to boil. 
Making it Safe 
Many people hesitate to exercise for one reason or another. 
In fact, walking is safe for almost all older adults.   
 
Just remember to always listen to your body. 
9 
266
Plan for breaks in your routine 
Sometimes in life the unexpected happens - family illness, 
caregiving responsibilities etc 
 
These breaks can make it hard to stick to your exercise  
routine. But you can start again. 
 
Here are a few ideas to help you stay active or start again if 
you have stopped 
 
 Don’t be too hard on yourself 
 Ask family and friends to help you 
 Start again at a comfortable level 
 Be flexible 
 Believe in yourself 
10 
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Stretching is important for you so that your muscles and joints 
can move smoothly. Stretching can also help minimise  
potential injury. 
 
All of the following stretches are a great way for you to  
warm-up, cool-down or fill in time! 
Stretching 
11 
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3. Foot and ankle circles 10-20 times 
2. Foot and ankle in and out 10-20 times  
Ankle Stretch 
1. Foot and ankle up and down 10-20 times  
12 
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Calf Stretch 
Step 1 
Hold on to a bench, chair, or 
veranda rail, with one leg  
further back than the other 
Step 2 
With your weight on your front 
leg and hands, bend the front 
knee 
 
Keep your back leg straight 
Hold for 5 seconds 
 
You should feel a stretch in the 
back of the back leg 
Repeat 5 times 
Repeat on the opposite side 
13 
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Hamstring Stretch 
Step 1 
Hold on to a bench, chair or 
veranda rail, with one leg  
further back than the other 
Step 2 
Pull up your toes on the front 
foot 
 
Keep both your knees straight 
Bend at your hips 
 
You will feel a stretch in your 
front leg 
 
Hold for 3 to 5 seconds 
Repeat 5 times 
Repeat on the opposite side 
14 
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Lower leg exercises 
These simple exercises are designed for you to strengthen 
your calf muscle and promote blood flow in conjunction with 
the compression bandaging your health professional  
recommends for you.  
 
The idea is for you to manage your progression through the 
types of exercises (seated or standing) and the amount of  
repetitions you feel comfortable with.  
 
Most people will aim to complete a set or two after a meal, but 
the idea is for you to do it when it works for you! 
15 
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Step 1 
Whilst seated in a chair, raise 
both heels off the floor 10 
times. 
 
Step 2 
Repeat this 3 times (sets),  3 
times per day  (if you are  
unable to manage this many, 
complete as many as you can 
manage) 
Seated Heel Raises 
When you can do the seated heel raises comfortably for 3 
days, increase the number of repetitions i.e. raise both heels 
15 times, then 20 times, then 25 times each time.   
 
Each time you start doing more repetitions try and do this for 
three days before progressing to more repetitions. 
 
Once you are comfortable doing seated heel raises 25 times 
and 3 sets, 3 times per day please feel free to try standing 
heel raises (please see the next page).  
16 
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Step 1 
Stand at a bench, chair, or  
veranda rail. Stand with feet 
hip distance apart 
 
Step 2 
Rise up onto your toes 10 
times 
 
Step 3 
Repeat this 3 times (sets), 3 
times per day   
(if you are unable to manage 
this many, complete as many 
as you can manage) 
Standing Heel Raises  
(both legs) 
When you can do this comfortably for 3 days, increase the 
number of repetitions i.e. raise both heels 15 times, then 20 
times each time.   
 
Each time you start doing more repetitions try and do this for 
three days before progressing to more repetitions. 
 
Once you are comfortable doing standing heel raises 25 
times and 3 sets, 3 times per day  please feel free to try 
standing one leg heel raises (please see the next page).  
17 
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Step 1 
Whilst standing at a bench, 
chair or veranda rail, as in 
standing heal raises, stand 
with feet hip distance apart 
 
Step 2 
Balance on one leg and rise up 
onto your toes with your heel 
off the floor 10 times. 
 
Step 3 
Repeat this 3 times (sets),  3 
times per day  (if you are  
unable to manage this many, 
complete as many as you can 
manage) 
 
 When you can do the single legged standing heel raise  
comfortably for 3 days, increase the number of repetitions 
i.e. raise both heels 15 times, then 20 times, then 25 times 
each time.   
Standing Heel Raises  
(one legged) 
18 
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These lower leg exercises aim to strengthen your calf  
muscles. When you start to exercise you may feel some  
minor discomfort. This should go away as your body gets 
used to the activities. Just remember to gradually build up 
the exercises! 
 
Improving your lower leg strength can help you with walking 
and climbing stairs, activities you do everyday.  
 
Strength is important for you to help perform activities in your 
daily life with less effort and more independence.  
19 
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Walk 3 times per week, aiming for 30 minutes per time. 
 
If you are unable to walk for 30 minutes, start smaller, like 10 
minutes per time 3 times per week, and gradually increase the 
time if it feels comfortable.  
 
Walking 
21 
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Walking is important for you to maintain the health of your 
heart and lungs and your overall fitness. 
 
Walking is recommended as a safe form of exercise for  
people with venous leg ulcers as a way of pumping blood 
from your legs back up to the heart.  
What should I wear when walking? 
Comfortable walking shoes. 
 
Choose exercise clothing that is comfortable, allows your skin 
to breathe, isn’t constrictive, and isn’t so loose that it interferes 
with movement. 
 
Dress for the weather: extra layers for cold weather, lighter 
clothes for hot weather. 
22 
Why walk? 
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Keeping safe in your surroundings 
When exercising on the street, look out for uneven pavements, 
traffic, or other obstacles. 
 
Know your route ahead of time so you won’t get lost. 
 
When outside, exercise when and where you can see well, and 
be seen by cars, cyclists, and others on the street.  
 
If you exercise during darker hours, wear light colours and  
reflective clothing, and be extra aware of your surroundings. 
280
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Safety tips for walking 
Start walking slowly at a low intensity and gradually build up 
to faster pace and longer duration.  
 
Beginning slowly allows your body time to adjust and  
minimises the risk of injury or discomfort. If you start slowly 
and increase gradually, beginning a walking exercise  
program is very safe, no matter what your age.  
 
However, exercise should not: 
 
 Make the heart skip beats. 
 Produce tightness or pain in the chest, arm, or neck. 
 Cause headaches, dizziness, or extreme discomfort. 
 Make you totally exhausted. 
 Be painful. 
 
If you experience any of these symptoms stop immediately 
and rest. If your symptoms do not improve please see your 
Doctor. 
281
25 
Avoid walking in the hottest part of the day and vary your 
route to take in the more shady areas. 
 
If you have prescribed asthma medications make sure you 
have them with you. 
 
If you are a diabetic remember your guidelines for exercise. 
 
Walk with another person if someone is available. 
Other tips for safe walking 
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Remember to drink water 
Dehydration can cause muscle cramps, fatigue, discomfort, 
and other serious problems. 
 
Drink some water before you go and after you return. 
 
Take a bottle of water with you. 
26 
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Pedometer 
Note: If the pedometer does not display steps, press the 
MODE button until the step count is displayed 
27 
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Wearing your pedometer 
● Clip the pedometer onto your belt or waist band using 
the black plastic clip at the back 
● Position the pedometer as close to your hip as possible, 
over the midline of your thigh 
● Fasten the safety clip so you do not lose the pedometer 
Using your pedometer 
1.  Press the yellow  ‘reset’ button  
2.  Wear your pedometer from when you get up to when you 
go to bed 
3.  Record the number of steps on your  ‘keep it up’  
calendar  
Step count 
Reset button 
28 
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I will call you and see how you are doing with your exercises at 
a couple of time points over the 12 week exercise program.  
These will be for approximately 10 minutes each time. 
Telephone support 
29 
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I will ring you 1 week from when you receive this exercise 
pack, 2 weeks after that, then every 3 weeks until you have 
been part of this program for 12 weeks. 
 
During the telephone calls I will ask you if you have your 
‘keep it up’ worksheets with you. These will tell me how often 
and for how long you are doing your leg exercises and how 
many steps you are walking during your days.  
 
I will be able to help you with any problems you may be  
having with the pedometer or motivation at this point. So 
please feel free to ask me any questions in relation to  
exercise during these designated phone calls. 
30 
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“There is no drug in current or prospective use that holds as much 
promise for sustained health as a lifetime program of physical  
exercise” 
 
(Bortz 1982) 
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Warm-up (5min) 
 
1. Ankle stretches 
• Foot and ankle up and down 10-20 reps  
• foot and ankle in and out 10-20 reps  
• foot and ankle circles 10-20 reps 
2. Calf stretch 
• Hold for 15secs and repeat 4 times 
3. Hamstring stretch 
• Hold for 15secs and repeat 4 times 
  
Exercise Protocol (~5 -12 min dependant on stage) 
 
All patients begin at level 1 stage 1 and progress through all stages before moving on to the 
next level. We advised to advance to next stage, must complete 3days comfortably at one 
level before going to the next. 
  
Progression of level  
1. seated heel raises (both legs)  
2. standing heel raises (both legs)  
3. standing heel raises (one leg) 
  
Progression of stage (reps):  
1. 3 sets 3 times per day of 10 reps (~5min)  
2. 3 sets 3 times per day of 15 reps (~7min)  
3. 3 sets 3 times per day of 20 reps (~9min)  
4. 3 sets 3 times per day of 25 reps (~12min) 
   
Walking guidelines 
 
3 times per week for 30 minutes per time (can be broken up into10 minute time frames if 30 
minutes continuously is not possible). 
 
 
Alert: If Tinetti score indicates that patient is a high falls risk i.e. score (0 - ) then balance 
exercises will be recommended….these will be tailored to individuals needs but will be 
inclusive of the following balance exercises: (NB RIO exercises) 
• walking on a line 
• stepping 
• balancing with your eyes closed 
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SAFETY TIPS FOR WALKING 
 
Start walking slowly at a low intensity and gradually build up to faster pace and longer 
duration. Beginning slowly allows your body time to adjust and minimises the risk of injury 
or discomfort. If you start slowly and increase gradually, beginning a walking exercise 
program is very safe, no matter what your age. However, exercise should not: 
• Make the heart skip beats. 
• Produce tightness or pain in the chest, arm, or neck. 
• Cause headaches, dizziness, or extreme discomfort. 
• Make you totally exhausted. 
• Be painful. 
If you experience any of these symptoms stop immediately and rest. 
 
What should I wear when walking? 
• Comfortable walking shoes. 
• Choose exercise clothing that is comfortable, allows your skin to breathe, isn’t 
constrictive, and isn’t so loose that it interferes with movement. 
• Dress for the weather: extra layers for cold weather, lighter clothes for hot weather. 
• Protect yourself from the sun with a broad brimmed hat, sunglasses and SPF30+ 
sunscreen. 
 
Remember to drink enough water 
• Dehydration can cause muscle cramps, fatigue, discomfort, and other serious 
problems. 
• Drink some water before you go and after you return. 
• Take a bottle of water with you. 
 
Keep safe in your surroundings 
• When exercising on the street, look out for uneven pavement, traffic, or other 
obstacles. 
• Know your route ahead of time so you won’t get lost. 
• When outside, exercise when and where you can see well, and be seen by cars, 
cyclists, and others on the street. If you exercise during darker hours, where light 
colours and reflective clothing, and be extra aware of your surroundings. 
 
Other tips for safe walking 
• Avoid walking in the hottest part of the day and vary your route to take in the more 
shady areas. 
• If you have prescribed angina or asthma medications make sure you have them with 
you. 
• If you are a diabetic remember your guidelines for exercise. 
• Walk with another person if someone is available. 
 
Ways to increase your physical activity 
There are many opportunities to be active throughout your normal daily routine, such as: 
• Do some gardening 
• Walk to get the paper or to buy your lunch 
• Park the car further away from where you are going or get off the bus a stop earlier 
• Take your dog for a walk 
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Week Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Weekly  
goal 
Weekly 
goal met  
Y / N 
       
One Goal        
 
  
 
 Step Count        
 
Two Goal        
 
  
 
 Step Count        
 
Three Goal        
 
  
 
 Step Count        
 
Four Goal        
 
  
 
 Step Count        
 
Five Goal        
 
  
 
 Step Count        
 
Six Goal        
 
  
 
 Step Count        
 
 
Long term physical activity goals: 
Six weeks: ________________________________________________    Twelve weeks: _____________________________________________________ 
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Week Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Weekly  
goal 
Weekly 
goal met  
Y / N 
       
Seven Goal        
 
  
Step Count        
 
Eight Goal        
 
  
Step Count        
 
Nine Goal        
 
  
Step Count        
 
Ten Goal        
 
  
Step Count        
 
Eleven Goal        
 
  
Step Count        
 
Twelve Goal        
 
  
Step Count        
 
 
Long term physical activity goals: 
Twelve weeks: ________________________________________________    Six months: _____________________________________________________ 
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Week Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Weekly  
goal 
Weekly 
goal 
met  
Y / N 
       
One Goal          
Reps           
Sets          
Times / 
day  
        
Two Goal           
Reps         
Sets         
Times / 
day 
        
Three Goal          
Reps         
Sets         
Times / 
day 
        
Four Goal          
Reps         
Sets         
Times / 
day 
        
Five Goal          
Reps         
Sets         
Times / 
day 
        
Six Goal          
Reps         
Sets         
Times / 
day 
        
 
Long term physical activity goals: 
Six weeks: ________________________________________________    Twelve weeks: _____________________________________________________ 
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Week Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Weekly  
goal 
Weekly 
goal 
met  
Y / N 
       
Seven Goal          
Reps           
Sets          
Times / 
day  
        
Eight Goal           
Reps         
Sets         
Times / 
day 
        
Nine Goal          
Reps         
Sets         
Times / 
day 
        
Ten Goal          
Reps         
Sets         
Times / 
day 
        
Eleven Goal          
Reps         
Sets         
Times / 
day 
        
Twelve Goal          
Reps         
Sets         
Times / 
day 
        
 
Long term physical activity goals: 
Twelve weeks: ________________________________________________  Six  months: _____________________________________________________ 
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Protocols for meeting with participants 
 
Recruitment brief at wound clinic (Intervention and Control) 
Introduction 
 I am a Research Assistant / PhD student at QUT. This research project is about 
promoting lower limb exercise for adults experiencing venous leg ulcers. 
 Your participation in this research will help us to find out what the benefits are of a 
self-management exercise program for adults with a venous leg ulcer. 
What is required? 
 The study will be conducted over a 12 week period. 
 Please consider your participation to be of benefit to yourself and your carers. 
Participation will also benefit other venous leg ulcer patients as we will learn more 
about exercise for patients with venous leg ulcers. A large number of people 
participating will make the results more meaningful. 
 Participation is entirely voluntary and even if you put your name down to participate, 
and then you decide you don’t want to – that’s fine. Your participation or non-
participation won’t have any influence on your care at the wound clinic. 
 If you are interested, I have an information sheet and consent form that you will need 
to sign. 
 All information collected from you will be treated confidentially. 
Baseline assessment and questionnaire (Intervention and Control) 
 Explain what is required during the study and review and complete the informed 
consent form 
 Collect one of the co-signed consent forms and give the other copy to the participants 
to keep 
 Administer the baseline questionnaire 
 Provide the opportunity for questions to be answered regarding the project and the 
functional ability assessment. 
 Once all data is collection randomise patient to group usually the envelope system,  
1 = control, 2 = intervention 
 Provide all participants (control and intervention group) with the Taking care of your 
legs fact sheet and VaLUE bag depending on which group they were randomised to, 
remember intervention group has the BIG exercise booklet, control group just have 
information sheet about leg exercise, pedometer and ‘keep it up worksheets’ 
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Intervention group only 
o Discuss the benefits of increasing exercise 
o Explain the exercise protocol and walking guidelines 
o Give the participant a pedometer with instructions and explain how to use it 
o Explain how to complete the step and resistance calendar 
o Explain to participants for the first week all they need to do is wear the 
pedometer and record their steps at the end of the week (baseline) and not 
change their activity in any way as goals will be set in a week’s time  
o Schedule a time for the following telephone interview (week 1) 
o Provide the participant with additional information on the telephone 
interviews, e.g. reinforcing their involvement – get them thinking about their 
exercise goals. 
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Protocol for intervention participants in the study 
• Coach exercise program for the duration of the study or until wound healed 
whichever comes first 
• All intervention participants are ineligible to be recruited for the ECR study 
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Baseline 
 
  Discuss the benefits of increasing exercise  
  Explain the exercise protocol and walking guidelines 
 
  Give the participant a pedometer with instructions and explain how to use it  
  Explain how to complete the step and resistance calendar  
  Explain to participants for the first week all they need to do is wear the pedometer 
and record their steps at the end of the week (baseline) and not change their activity in 
any way as goals will be set in a week’s time  
  Schedule a time for the following telephone interview (week 1)  
  Provide the participant with additional information on the telephone interviews, e.g. 
reinforcing their involvement – get them thinking about their exercise goals  
 
  Remind participants phone calls are made in one weeks time, then the following week 
(week 2) and then call every two weeks until two months in, do need to see again at week 12 
though for functional measures 
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Week one telephone coaching session  
 
  Check WHCOS participant’s wound assessment form, noting progress reports  
 
 
 
 
• The session will be based on the following script. It is important to gauge the 
participants exercise capacity and motivation to conduct the session most 
appropriately 
• The goal of the reinforcement telephone calls is to promote the participants self-
efficacy. Reinforce participants previous positive steps toward adopting more exercise 
into their routine, or educate them in the skills and knowledge required when making 
the behaviour change  
 
Introduction 
  Call participant and confirm they have the time to complete the session (~30mins) 
  Explain to the participant the idea of this project is to gain an insight into how much 
physical activity people do.  
  In this session we will look at ways of helping you to increase your exercise by 
working through some important self-management skills. With these skills you will be 
able to become more active and maintain your activity level over time 
  It is important that you are an active part of this process. The goals we set will be 
based on your preferences 
  Thank the participant for agreeing to participate for 12 weeks and remind participant that I 
will see them in the clinic at week 2 and call at week 4, 6, 8 and follow up with them in the 
clinic at 12 weeks to reassess ankle ROM and gait and balance.  
  Having reviewed participants wound progress report be sure to ask the patient how they are 
in relation to the wound, i.e participant may report that they have had new bandages or 
dressing that they have not had before, give the participant a chance to describe how things 
have been for them 
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Review of current health 
 
  Ask whether the participant has experienced any (if so did this occur during 
exercise and how long did it last?) 
  Chest pain  
  Breathing difficulties  
  Dizziness or light-headedness  
 
If the participant has experienced any of these symptoms advise them to see their GP 
immediately 
 
 
Exercise history 
 
  Complete the questions about the participant’s exercise history, current ideas, and or 
concerns about becoming more active  
 
  Do you have any health or injury concern/s that you feel could affect your ability to do the 
leg exercises / walking?  
 
 
 
 
   Have you ever exercised regularly in the past?  
  no 
 
  yes -    What helped you to exercise in the past? 
 
 
  What resources do you have to rely on this time? 
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Assessment of current exercise 
 
  Ask participant if they have managed to use the pedometer and record their steps 
• Three days step data is enough to obtain an average (two week days and one weekend 
day)  
 
Record step count below 
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
       
 
 
Average:  
 
 
  Ask the participant about the exercise that they do in a typical week?  Make a note of the 
frequency, intensity and duration (time) of their sessions as per FITT Principle. PTO for Borg 
scale of exertion (intensity) 
 
Type Frequency Intensity (Borg scale) Time 
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Use this information above to direct the goal setting session  
 
  Explain that now we know how much exercise you are doing, we can discuss ways of 
increasing this if that is what they would like to do 
 
 
  Ask if the participant knows what the current recommendations for exercise are (30 
minutes of moderate exercise on all or most days of the week) 
  yes 
 
  no  
 
 
 
 
  If required explain the importance / benefits of regular exercise  
 Regular exercise can improve your circulation which aids in the wound healing 
process 
 Regular exercise can improve your cholesterol levels, reduce high blood pressure 
and can help you to maintain a healthy weight 
  Regular exercise is crucial to enjoying and maintaining independence and 
improving daily functioning e.g. making it easier to achieve physical tasks around the 
home or playing with grandkids 
 Regular exercise can also give your more energy and a sense of wellbeing. Regular 
walks can help you to manage stress, anxiety and depression 
 You may find you are more tired to begin with, but your endurance will increase 
over time and you will have more energy to get everything done during the day 
 You may also find the quality of your sleep improves with regular exercise 
  If required explain the concept of aerobic exercise (walking) and how it can be achieved 
  Walking is the easiest aerobic activity for most people 
  Increasing the amount you walk every day can be quite easy and enjoyable 
  Aim to walk at intensity that you can maintain a conversation, but are not able to 
sing 
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Goal-setting  
 
 For those who are sedentary aim to increase the frequency of walking  
 
 For those who are walking 3 or more times, but less than 30 minutes each time, aim to 
increase the duration of each walk 
 
 If the participant is already walking frequently for 30 minutes duration, aim to increase the 
intensity of walking (usually the last stage before moving into maintenance phase)  
 
  Explain that the pedometer and step calendar can be used to monitor progress. Remind the 
participant that it is important to start off slowly and increase gradually to prevent injury and 
discomfort 
 Discuss rewards for achieving goals and have the participant record their incentive 
 Ask the participant to read the walking safely sheet given to them at baseline 
  Εncourage the participant to set goals that are meaningful to them. It does not matter if the 
goals are based on step count or frequency / duration of walking sessions 
o E.g. may be increasing daily steps by 2000 on 3 days of the week 
 
Short term goals (for the next few weeks) 
• Encourage the participant to set the goals themselves 
• Document agreed goals 
 
  yes 
 
 
 
  no  
 
 
 
Long term goals (by the end of 12 weeks) 
• Encourage the participant to set the goals themselves 
• Document agreed goals 
 
  yes 
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  no  
 
 
 
 
Action plan 
  Ask the participant when, where and for how long they will walk for on the first day / 
week etc 
 
 
 
 
If an exercise recommendation is made  
  Leg exercises (resistance exercises)  
Repetitions ______ 
Sets ______ 
Frequency ______ 
 
  walking  
Duration ______ 
Intensity ______ 
 
  Any other comments  
 
 
 
 
 
 
  Phone call duration _________ 
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Week two (in person meeting) 
 
 
• The session will be based on the following script. It is important to gauge the 
participants exercise capacity and motivation to conduct the session most 
appropriately 
• The goal of the reinforcement telephone calls is to promote the participants self-
efficacy. Reinforce participants previous positive steps toward adopting more exercise 
into their routine, or educate them in the skills and knowledge required when making 
the behaviour change  
 
Base the discussion around asking the following questions 
 
  How did you go with meeting your goals over the last week?  
 
 
 
 
 
 If goals were met:  
 
 Give positive feedback and reinforcement 
 Reinforce the skills they have learnt 
 Ask if they would like to set another goal for the coming weeks 
 
 
 
  If goals were not met: 
 
 Assure participant that it’s ok we’ll try again in the coming weeks 
  Provide positive reinforcement for what they did achieve 
 Ask if they would like to set another goal for the coming weeks 
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Ask the participant specifically if they have been doing their: 
  Leg exercises  
  all / some / none of the time 
  Repetitions _____ 
  Sets ______ 
  Frequency ______ 
 
  Ankle exercises  
all / some / none of the time 
 
  Walking  
 all / some / none of the time 
  Duration ____ 
  Intensity _____ 
 
 
  Ask the participant if they have been using their pedometer? 
  yes 
  no 
 
  Ask the participant if they have been recording their steps?  
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
 
 
      
 
Average  
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If an exercise recommendation is made  
  Leg exercises  
Repetitions ____ 
Sets ____ 
Frequency ____ 
 
  Walking  
Duration ____ 
Intensity _____ 
 
 
  Any other comments  
 
 
 
 
 
 
  Meeting duration _________ 
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Week four follow up call 
 
  Check WHCOS participant’s wound assessment form, noting progress reports  
 
 
 
Remember the goal of the counselling sessions is to strengthen the participant’s skills and 
knowledge required to increase their exercise  
 
Base the discussion around asking the following questions 
 
  How did you go with meeting your goals over the last week?  
 
 
 
 
 
 If goals were met:  
 
 Give positive feedback and reinforcement 
 Reinforce the skills they have learnt 
 Ask if they would like to set another goal for the coming weeks 
 
 
 
  If goals were not met: 
 
 Assure participant that it’s ok we’ll try again in the coming weeks 
  Provide positive reinforcement for what they did achieve 
 Ask if they would like to set another goal for the coming weeks 
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Ask the participant specifically if they have been doing their: 
  Leg exercises  
   all / some / none of the time 
  Repetitions _____ 
  Sets ______ 
  Frequency ______ 
 
  Ankle exercises  
all / some / none of the time 
 
  Walking  
  all / some / none of the time 
  Duration ____ 
  Intensity _____ 
 
  Ask the participant if they have been using their pedometer? 
  yes 
  no 
 
  Ask the participant if they have been recording their steps?  
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
 
 
      
 
Average  
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If an exercise recommendation is made  
  Leg exercises  
Repetitions ____ 
Sets ____ 
Frequency ____ 
 
  Walking  
Duration ____ 
Intensity _____ 
 
  Any other comments  
 
 
 
 
 
 
  Phone call duration _________ 
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Week six follow up call 
 
  Check WHCOS participant’s wound assessment form, noting progress reports  
 
 
 
Remember the goal of the counselling sessions is to strengthen the participant’s skills and 
knowledge required to increase their exercise  
 
Base the discussion around asking the following questions 
 
  How did you go with meeting your goals over the last week?  
 
 
 
 
 
 If goals were met:  
 
 Give positive feedback and reinforcement 
 Reinforce the skills they have learnt 
 Ask if they would like to set another goal for the coming weeks 
 
 
 
  If goals were not met: 
 
 Assure participant that it’s ok we’ll try again in the coming weeks 
  Provide positive reinforcement for what they did achieve 
 Ask if they would like to set another goal for the coming weeks 
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Ask the participant specifically if they have been doing their: 
  Leg exercises  
   all / some / none of the time 
  Repetitions _____ 
  Sets ______ 
  Frequency ______ 
 
  Ankle exercises  
all / some / none of the time 
 
  Walking  
  all / some / none of the time 
  Duration ____ 
  Intensity _____ 
 
  Ask the participant if they have been using their pedometer? 
  yes 
  no 
 
  Ask the participant if they have been recording their steps?  
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
 
 
      
 
Average  
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If an exercise recommendation is made  
  Leg exercises  
Repetitions ____ 
Sets ____ 
Frequency ____ 
 
  Walking  
Duration ____ 
Intensity _____ 
 
  Any other comments  
 
 
 
 
 
 
  Phone call duration _________ 
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Week eight follow up call 
 
  Check WHCOS participant’s wound assessment form, noting progress reports  
 
 
 
Remember the goal of the counselling sessions is to strengthen the participant’s skills and 
knowledge required to increase their exercise  
 
Base the discussion around asking the following questions 
 
  How did you go with meeting your goals over the last week?  
 
 
 
 
 
 If goals were met:  
 
 Give positive feedback and reinforcement 
 Reinforce the skills they have learnt 
 Ask if they would like to set another goal for the coming weeks 
 
 
 
  If goals were not met: 
 
 Assure participant that it’s ok we’ll try again in the coming weeks 
  Provide positive reinforcement for what they did achieve 
 Ask if they would like to set another goal for the coming weeks 
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Ask the participant specifically if they have been doing their: 
  Leg exercises  
   all / some / none of the time 
  Repetitions _____ 
  Sets ______ 
  Frequency ______ 
 
  Ankle exercises  
all / some / none of the time 
 
  Walking  
  all / some / none of the time 
  Duration ____ 
  Intensity _____ 
 
  Ask the participant if they have been using their pedometer? 
  yes 
  no 
 
  Ask the participant if they have been recording their steps?  
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
 
 
      
 
Average  
 
If an exercise recommendation is made  
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  Leg exercises  
Repetitions ____ 
Sets ____ 
Frequency ____ 
 
  Walking  
Duration ____ 
Intensity _____ 
 
  Any other comments  
 
 
 
 
 
 
  Phone call duration _________ 
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Intervention and control group post week twelve meeting 
 
  Thank the participant for coming in and explain what will happen at today’s meeting 
(questionnaire administered, exercise test, look over diary) 
 Provide the opportunity for any questions to be answered 
  Administer week twelve questionnaire 
  Administer tinetti gait and balance test 
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
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Problem solving 
• Participants may encounter a variety of barriers when trying to increase their exercise. 
Make sure that the participant has had a chance to problem solve by themselves. 
Suggest solutions if need be, but encourage the participants to think about how they 
could overcome the barrier  
• The following is a list of possible barriers that may arise for participants and some 
suggested solutions. 
 
I get enough activity already, e.g. my job requires me to be on my feet all day, I do a lot 
of housework… 
• Explain 
o Activities such as gardening and house-cleaning are only aerobic if they can be 
sustained for a period of time (at least 10 minutes without stopping) and raise 
the heart rate to a moderate intensity level 
o In most cases household chores are not sustained for long enough to reach a 
moderate intensity 
• These types of “daily living” activities should be encouraged, but should not be 
considered a substitute for regular exercise  
• Suggest 
o Walking continuously for 10 minutes at a time (number of times per week will 
depend upon level of fitness and motivation) 
o The participant should be aiming to increase their time spent doing aerobic 
activity each day 
 
Unmotivated 
• Try to understand the specific causes of the lack of motivation (e.g. don’t want to 
walk in the local area, don’t want to get out of bed earlier, don’t feel walking would 
benefit them, pain, fear, fatigue, no time, walking will result in an angina attack etc) 
and suggest ways of overcoming barriers. 
• Set realistic short term goals that are achievable and measurable. 
• Emphasise the health benefits of exercise and the fact that you are encouraging them 
to increase exercise to improve their health. The behaviour change is for their benefit, 
not the researchers. 
• Suggest other activities that are aerobic if they are unmotivated to walk. Let them 
know they can modify the step diary to record swimming or cycling sessions. 
•  
I’m too old…. 
• Explain: 
o Exercise becomes very important when you are older. 
o As you age, you risk losing important physical functioning by being inactive. 
o Being physically active will help you to maintain your independence and your 
ability to perform physical tasks such as lifting things, gardening, playing with 
grandchildren etc. 
o Exercise is very important for maintaining and restoring good health and daily 
physical functioning. 
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o The benefits of exercise far outweigh the risks. It is not true that exercise will 
cause a heart attack. While you should be careful with how much you do to 
begin with, it is safe to build up slowly to moderate regular exercise. 
• Suggest: 
o That while the participant may not be able to do everything they could when 
they were younger, they can still be physically active in different ways, e.g. 
walking, bowls, gentle stretches. Reinforce that it is safe to start exercising 
provided they start slowly and monitor progress. 
 
The weather has been bad…. 
• Provide a list of indoor activities that that participant can do to reach their exercise goal 
for the week/day. For example: 
o use a treadmill/bike if one is available 
o exercise with a video (send them a list of suggested videos if requested, e.g Heart 
moves video) 
o walk/do gentle exercises inside without a video (give examples, e.g. stretching, 
chair exercises) 
• remind the participant that any exercise is better than none – suggest that they go for a 10 
min walk between the rain showers, or walk around the shopping centre – aim to increase 
daily steps 
• suggest that they try to walk more the following day if the weather is better and work 
towards a weekly step goal. 
 
I don’t have the time…. 
• There are a number of tips for fitting in short walking sessions during a busy day, for 
example: 
o get off the bus a stop earlier and walk 
o go for a walk at lunch time 
o park your car a little further from your destination 
o play active games with your children/grandchildren 
o schedule a walk time and stick to it! 
 
I am too tired…. 
• Explain: 
o Once you start to get used to walking regularly it will probably give you more 
energy (refer to benefits) 
o Check if they have changed their diet in any way or for any reasons; check if they 
are eating properly (if not could result in anaemia especially for women etc; check 
if they are drinking enough (tiredness could be related to dehydration) or if they 
are on medication (which may make them tired) 
• Suggest: 
o If they are feeling tired they may like to just take a relaxing stroll outside in the 
fresh air… 
o If they feel tired on the day, suggest taking a nap or resting for half an hour or so 
before starting walking activity 
o Stress that walking/exercise can overcome tiredness and fatigue, improve sleep 
o If necessary, stress the importance of not needing to walk continuously for 30 
minutes (for some it might have to be as low as 5 minutes). They just need to talk 
for 10 minutes, rest for 5 minutes, walk for 10 minutes, rest 5 minutes etc. or 
walking for 5-10 minutes then rest for 5 minutes, then walk 5-10 minutes, rest for 
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5 minutes. It is important that patients understand that they don’t need to walk 
continuously for 30 minutes and it’s always good to emphasise this point with 
cardiac patients. Even intermittent walking in this group is beneficial and will 
result in increased metabolic rate. 
• Remind the participant that aerobic activity can be accumulated in shorter bouts (i.e. 
10mins) and that this will result in an increase in daily step count. 
 
I cannot walk for a long time or distance….it will hurt me (fear of hurting leg ulcer) 
• Use the strategy outlined about intermittent walking and resting. 
• Remind participants that brief 10-minutes walks are still beneficial for the venous 
system and more regular walking will make it easier to do in the long term 
 
I don’t like feeling aches and pain after walking…. 
• Suggest participants wear comfortable walking shoes and clothing, spend 10-15 
minutes doing warm-up and stretching exercises before walking activity, and warm 
down at end of walks. 
• • Suggest participants take warm baths/showers to help reduce ache and soreness. heat 
packs may also be useful. 
 
I don’t like exercising alone…. 
• Ask about the support network the participant has. 
• Encourage them to ask for support from various people, don’t just assume others won’t 
help, for example, their children may appear to be busy with their own lives, but maybe 
they would like to go 
• for a short walk once a week when they visit, instead of having a cup of tea etc. 
• NB: do not suggest they join a walking group as this may interfere with the intervention. 
 
Pedometer problems 
• Not measuring enough steps: 
o Make sure participant has attached the pedometer correctly (not just with safety clip) 
o Make sure participant is wearing the pedometer parallel to the ground 
o Make sure the pedometer is positioned correctly on the hip 
o Make sure the step count is displayed (e.g. not distance) 
• If the pedometer has no display, is broken or lost, or the problem cannot be solved by the 
above, send the participant a replacement and document this on the participants file  
 
Step calendar problems 
• Identify the problem and explain the relevant procedure for filling out the diary/calendar. 
• Send the participant another copy of the diary if needed. 
 
• Develop a realistic plan for adding in resistance exercises into daily life (ie when 
sitting watching television or reading perform heel raises, when waiting for the kettle 
to boil or doing dishes do heel raises) 
• The power of goal setting 
• Ask patient to think about what they would like for short term versus long term goal 
• Discuss typical barriers and identify ways to overcome these 
• Discuss any equipment issues such as pedometer, step / resistance calendar 
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Protocol for control participants in the study 
• Collect  pedometer data for the duration of the study if the patient heals within the 
12 week period no longer need to collect their exercise data 
 
• All control participants are able to be recruited for the ECR study 
 
 
• If the participant asks about what exercises they should be doing remind 
participant that as they are in the standard care group they are able to discuss this 
with any of the wound care nurses at the clinic in their next appointment 
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Baseline 
 
  Give the participant a pedometer with instructions and explain how to use it  
  Explain how to complete the step calendar  
  Explain to participants for the first week all they need to do is wear the pedometer and 
record their steps at the end of the week (baseline) and not change their activity in any 
way  
  Schedule a time for the following telephone interview (week 1)  
  Collect baseline wound data 
  Collect ankle ROM 
  Perform Tinetti gait and balance measure 
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Week one telephone call  
 
  Check WHCOS participant’s wound assessment form, noting progress reports  
 
 
 
 
• The session will be based on the following script  
 
 
Introduction 
  Call participant and confirm they have the time to complete the session (~5mins) 
 
  Explain to the participant the idea of this project is to gain an insight into how much 
physical activity people do.  
 
  Thank the participant for agreeing to participate for 12 weeks and remind participant that I 
will call week 2, 4, 6, 8 and follow up with them in the clinic at 12 weeks to reassess ankle 
ROM and gait and balance.  
 
 
Assessment of current exercise 
 
  Ask participant if they have managed to use the pedometer and record their steps 
• Three days step data is enough to obtain an average (two week days and one weekend 
day)  
 
Record step count below 
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
       
 
 
Average:  
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   Ask participant about the exercise that they do in a typical week. Make a note of the 
frequency, intensity and duration (time) of their sessions as per FITT Principle. PTO for Borg 
scale of exertion (intensity) 
 
Type Frequency Intensity (Borg scale) Time 
 
 
   
 
 
   
 
 
   
 
 
  Duration of phone call: _______  
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How you might 
describe your 
exertion  
Borg rating 
of your 
exertion  
Examples  
(for most adults ~ 65 years old)  
None  6 Reading a book, watching television 
Very, very light  7 to 8 Tying shoes 
Very light   9 to 10 Chores like folding clothes that seem to take little effort 
Fairly light  11 to 12 
Walking through the grocery store or other 
activities that require some effort but not 
enough to speed up your breathing 
Somewhat hard  13 to 14 
Brisk walking or other activities that require 
moderate effort and speed your heart rate 
and breathing but don't make you out of 
breath 
Hard  15 to 16  
Bicycling, swimming, or other activities that 
take vigorous effort and get the heart 
pounding and make breathing very fast 
Very hard  17 to 18  The highest level of activity you can sustain 
Very, very hard  19 to 20  A finishing kick in a race or other burst of activity that you can't maintain for long 
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Week two follow up call 
 
  Check WHCOS participant’s wound assessment form, noting progress reports  
 
 
 
 
• The session will be based on the following script  
 
  Call participant and confirm they have the time to complete the session (~5mins) 
 
  Ask participant if they have managed to use the pedometer and record their steps 
 
• Have you been recording your steps?  
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
 
 
      
 
Average  
 
 
Any other comments  
 
 
 
 
  Duration of phone call: _______ 
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Week four follow up call 
 
  Check WHCOS participant’s wound assessment form, noting progress reports  
 
 
 
 
• The session will be based on the following script  
 
  Call participant and confirm they have the time to complete the session (~5mins) 
 
  Ask participant if they have managed to use the pedometer and record their steps 
 
• Have you been recording your steps?  
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
 
 
      
 
Average  
 
 
Any other comments  
 
 
 
 
 
 
 
  Duration of phone call: _______
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Week six follow up call 
 
  Check WHCOS participant’s wound assessment form, noting progress reports  
 
 
 
 
• The session will be based on the following script  
 
  Call participant and confirm they have the time to complete the session (~5mins) 
 
  Ask participant if they have managed to use the pedometer and record their steps 
 
• Have you been recording your steps?  
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
 
 
      
 
Average  
 
 
Any other comments  
 
 
 
 
 
 
  Duration of phone call: _______
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Week eight follow up call 
 
  Check WHCOS participant’s wound assessment form, noting progress reports  
 
 
 
 
• The session will be based on the following script  
 
  Call participant and confirm they have the time to complete the session (~5mins) 
 
  Ask participant if they have managed to use the pedometer and record their steps 
 
• Have you been recording your steps?  
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
 
 
      
 
Average  
  Explain to the participant that I will be monitoring their wound healing progress as per 
clinic reports and so will check if they have healed in the next 3 weeks, if so will still require 
them to come in for an appointment to check ankle ROM and gait and balance  
 
 
Any other comments  
 
 
 
 
 
  Duration of phone call: _______
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Week twelve meeting 
 
  Thank the participant for coming in and explain what will happen at today’s meeting 
(questionnaire administered, exercise test, look over diary) 
  Provide the opportunity for any questions to be answered 
  Collect baseline wound data 
  Collect ankle ROM 
  Perform Tinetti gait and balance measure 
  Administer questionnaire 
  Record pedometer steps 
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
       
 
Average  
 
  Thank the participant for agreeing to participate in the 12 week study it is much 
appreciated  
 
    Duration of meeting: ______ 
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Appendix C 
 
Baseline characteristics by group 
 
Demographic characteristics (n=62)  
  Control Intervention Total   
   Frequencies χ2 p 
Gender Male 
Female 
15 (50%) 
15 (50%) 
17 (53.1%) 
15 (46.9%) 
32 (51.6%) 
30 (48.4%) 
 
0.06 
 
0.81 
Country Origin* Australasia 26 (83.9%) 27 (87.1%) 53 (85.5%)   
 Europe/UK 5 (16.1%) 4 (12.9%) 9 (14.5%)  1.0 
  Mean (SD) t p 
Age 71.53(±14.6) 71.74 (±13.2) 71.32 (±16.0) 71.53 (±14.6) 0.10 0.91 
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Medical Conditions (n=62) 
  Control Intervention Total   
  Frequencies χ2 p 
Diabetes Yes 
No 
7 (23.3%) 
23 (76.7%) 
7 (21.9%) 
25 (78.1%) 
14 (22.6%) 
48 (77.4%) 
 
0.02        
     0.89    
Osteoarthritis Yes 
No 
14 (46.6%) 
16 (53.4%)    
14 (43.8%) 
18 (56.2%)  
28 (45.2%) 
34 (54.8%) 
 
0.05 
0.82 
Rheumatoid Arthritis* Yes 
No 
3 (10%) 
27 (90%) 
3 (9%) 
29 (91%) 
6 (9.7%) 
56 (90.3%) 
  1.0 
Hypertension Yes 
No 
19 (63.3%) 
11 (36.7%) 
20 (62.2%) 
12 (37.8%) 
 39 (62.9%) 
 23 (37.1%) 
0.01 0.95 
Heart Disease  Yes 
No 
9 (30%) 
21 (70%) 
12 (37.8%) 
20 (62.2%) 
21 (33.9%) 
41 (66.1%) 
 
0.39 
   0.53 
CVA* Yes 
No 
1 (3.3%) 
29 (96.7%) 
4 (12.5%) 
28 (87.5%) 
5 (8.1%) 
57 (91.9%) 
 0.35 
Autoimmune Disease* Yes 
No 
4 (13.3%) 
26 (86.7%) 
1 (3.1%) 
31 (96.9%) 
5 (8.1%) 
57 (91.9%) 
 
 
0.19 
Chronic Pulmonary 
Disease* 
Yes 
No 
4 (13.3%) 
26 (86.7%) 
2 (6.7%) 
28 (93.3%) 
6 (10%) 
54 (90%) 
 0.67 
Peripheral Vascular 
Disease 
Yes 
No 
8 (26.7%) 
22 (73.3%) 
8 (25%) 
24 (75%) 
16 (25.8%) 
46 (74.2%) 
 
0.02 
   0.88 
 
 
 
 
 
 
333
Medications (n=62) 
  Control Intervention Total   
  Frequencies χ2 p 
Anticoagulants  Yes 
No 
12 (40%) 
18 (60%) 
13 (40.6%) 
19 (59.4%) 
25 (40.3%) 
37 (59.7%) 
 
0.003 
0.96 
Antihypertensives Yes 
No 
19 (63.3%) 
11 (36.7%) 
19 (59.4%) 
13 (40.6%) 
38 (61.3%) 
24 (38.7%) 
 
0.1 
0.75 
Diuretic Yes 
No 
8 (26.7%) 
22 (73.3%) 
9 (28.1%) 
23 (71.9%) 
17 (27.4%) 
45 (72.6%) 
 
0.02 
0.9 
Thyroxine* Yes 
No 
2 (6.9%) 
27 (93.1%) 
 
32 (100%) 
2 (3.3%) 
59 (96.7%) 
 0.22 
Steroids* Yes 
No 
9 (30%) 
21 (70%) 
5 (15.6%) 
27 (84.4%) 
14 (22.6%) 
48 (77.4%) 
1.83 0.17 
Analgesics Yes 
No 
18 (60%)  
12 (40%) 
19 (59.4%) 
13 (40.6%) 
37 (59.7%) 
25 (40.3%) 
 
0.003 
0.96 
Respiratory* Yes 
No 
7 (24.1%) 
22 (75.9%) 
3 (9.7%) 
28 (90.3%) 
10 (16.7%) 
50 (83.3%) 
 
 
0.18 
Antidepressants Yes 
No 
6 (20%) 
24 (80%) 
8 (25%) 
24 (75%) 
14 (22.6%) 
48 (77.4%) 
0.22 
 
0.64 
Non-Steroidal Anti-
inflammatories 
Yes 
No 
7 (23.3%) 
23 (76.7%) 
5 (15.6%) 
27 (84.4%) 
12 (19.4%) 
50 (80.6%) 
 
0.59 
0.44 
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Venous history (n=61) 
  Control Intervention Total   
  Frequencies χ2 p 
 
Varicose veins any leg 
Yes 
No 
25 (83.3%) 
5 (16.7%) 
22 (71.9%) 
9 (28.1%) 
47 (77%) 
14 (23%) 
 
1.32 
 
0.25 
 
DVT any leg 
Yes 
No 
6 (20%) 
24 (80%) 
8 (25%) 
24 (75%) 
14 (22.6%) 
48 (77.4%) 
 
0.22 
 
0.64 
 
Surgery/trauma any leg 
Yes 
No 
17 (56.7%) 
13 (43.3%) 
16 (50%) 
16 (50%) 
33 (53.2%) 
29 (46.8%) 
 
0.28 
 
0.6 
 
Venous surgery any leg 
Yes 
No 
7 (23.3%) 
23 (76.7%) 
7 (21.9%) 
25 (78.1%) 
14 (22.6%) 
48 (77.4%) 
 
0.02 
 
0.89 
Cramps /  
Claudication any leg* 
Yes 
No 
8 (26.7%) 
22 (73.3%) 
6 (18.8%) 
26 (81.2%) 
14 (22.6%) 
48 (77.4%) 
 
0.56 
 
0.46 
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Clinical data (n=62) 
  Control Intervention Total   
  Frequencies χ2 p 
Smoker* Yes 
No 
3 (10%) 
27 (90%) 
1 (3.1%) 
31 (96.9%) 
4 (6.5%) 
58 (93.5%) 
 0.35 
Walking aid 
 
Yes 
No 
11 (36.7%) 
19 (63.3%) 
9 (28.1%) 
23 (71.9%) 
20 (32.3%) 
42 (67.7%) 
 
0.52 
0.47 
             Median (Range) Mann 
Whitney 
p 
Height         171.22  
(150-182) 
175 
(155-190.5) 
173.5 
(150 -190.5) 
274 0.12 
Weight            81  
(56-216) 
88 
(50-165.9) 
86.5 
(50-165.9) 
305 0.42 
BMI           29.2 
(21.1-66.7) 
31.22 
(17.3-54.2) 
29.6 
(17.3-54.2) 
322 0.98 
Range of ankle 
motion 
 23 (9-50) 31 (8-55) 28.5 
(9-55) 
311 0.18 
Ankle circumference           23.8 
(16-35.5) 
24.5 
(18.9-40) 
24.3 
(19-40) 
365 0.39 
Calf circumference          37.5 
(21-66.5) 
39.6 
(30-76.5) 
37.9 
(29.4 - 63.3) 
362 0.27 
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Wound characteristics (n=62) 
  Control Intervention Total   
  Frequencies χ2 p 
Site of wound Left 
Right 
18 (60%) 
12 (40%) 
17 (53.1%) 
15 (46.9%) 
35 (56.5%) 
27 (43.5%) 
 
0.3 
 
0.59 
Previous ulcer Yes 
No 
17 (57%) 
13 (43%) 
20 (62.5%) 
12 (37.5%) 
37 (59.7%) 
25 (40.3%) 
 
0.22 
 
0.64 
Duration of 
wound 
>24weeks 
 
Yes 
No 
 
9 (31%) 
20 (69%) 
 
13 (42%) 
18 (58%) 
 
22 (36.7%) 
38 (63.3%) 
 
 
0.77 
 
 
0.38 
Area ≥10cm2 Yes 
No 
4 (13.3%) 
26 (86.7%) 
8 (25%) 
24 (75%) 
12 (19.4%) 
50 (80.6%) 
 
1.35 
 
0.25 
Serous exudate Yes 
No 
24 (86%) 
4 (14%) 
20 (69%) 
9 (31%) 
44 (77.2%) 
13 (22.8%) 
 
2.27 
 
0.13 
Haemoserous 
exudate 
Yes 
No 
7 (23.3%) 
23 (76.7%) 
11 (37%) 
19 (63%) 
18 (30%) 
42 (70%) 
 
1.27 
 
0.26 
Sanguineous 
exudate* 
Yes 
No 
1 (3.3%) 
29 (96.7%) 
1 (3.3%)  
29 (96.7%) 
2 (3.4%) 
58 (96.7%) 
 
 
1.00 
Purulent 
exudate 
Yes 
No 
 
31 (100%) 
 
29 (100%) 
 
60 (100%) 
  
Odorous 
exudate* 
Yes 
No 
 
30 (100%) 
1 (3.3%) 
29 (96.7%) 
1 (1.7%) 
59 (98.3%) 
 
           
 
   1.00 
Infection* Yes 
No 
 
29 (100%) 
3 (9.7%) 
28 (90.3%) 
3 (5%) 
57 (95%) 
 
 
0.24 
Treated with ≥ 
30mmHg 
Compression 
 
Yes 
No 
 
16 (53.3%) 
14 (46.7%) 
 
17 (53.1%) 
15 (46.9%) 
 
33 (53.2%) 
29 (46.8%) 
 
 
0.00 
 
 
0.99 
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  Control Intervention 
 
Total   
  Median (Range) Mann Whitney p 
Duration (weeks)  14 (3-234) 16 (2-416) 16 (2-416) 462.5 0.85 
Ulcer Area (cm2)  1.9 (0.1 – 
39.3cm) 
1.79 (0.1 – 
54.9) 
2.4 (0.1-54.9) 482.5 0.97 
  Mean (SD) t p 
PUSH Total  9.73 (±3.31) 9.23 (±3.54) 9.2 (±3.5) 0.58 0.57 
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Surrounding tissue characteristics (n=62) 
 Control Intervention Total   
 Frequencies χ2 p 
Healthy* Yes 
No 
3 (10%) 
27 (90%) 
6 (18.8%) 
26 (81.2%) 
9 (14.5%) 
53 (85.5%) 
 
 
0.48 
Hyperkeratosis Yes 
No 
9 (30%) 
21 (70%) 
8 (25%) 
24 (75%) 
17 (27.4%) 
45 (72.6%) 
 
0.2 
0.70 
Maceration* Yes 
No 
3 (10%) 
27 (90%) 
2 (6.3%) 
30 (93.7%) 
5 (8.1%) 
57 (91.9%) 
 
 
0.67 
Blistered* Yes 
No 
1 (3.3%) 
29 (96.7%) 
1 (3.1%) 
31 (96.9%) 
2 (3.2%) 
60 (96.8%) 
 
 
1.0 
Erythema Yes 
No 
8 (26.7%) 
22 (73.3%) 
3 (4.8%) 
29 (95.2%) 
11 (17.7%) 
51 (82.3%) 
3.17 0.08 
Induration* Yes 
No 
 
30 (100%) 
2 (6.3%) 
30 (93.7%) 
2 (3.2%) 
60 (96.8%) 
 
 
0.49 
Lymphoedema* Yes 
No 
1 (3.3%) 
29 (96.7%) 
2 (6.5%)  
29 (93.5%) 
3 (4.9%) 
58 (95.1%) 
 1.0 
Haemosiderosis Yes 
No 
16 (53.3%) 
14 (46.7%) 
16 (50%) 
16 (50%) 
32 (51.6%) 
30 (48.4%) 
 
0.07 
    0.79 
Bruised* Yes 
No 
 
30 (100%) 
2 (6.3%) 
30 (93.7%) 
2 (3.2%) 
60 (96.8%) 
 
 
0.49 
Cellulitis*  Yes 
No 
 
30 (100%) 
1 (3.1%) 
31 (96.9%) 
1 (1.6%) 
61 (98.4%) 
 1.0 
Eczema Yes 
No 
7 (23.3%) 
23 (76.7%) 
3 (4.8%) 
29 (95.2%) 
10 (16.1%) 
52 (83.9%) 
 
2.23 
    0.14 
Callused* Yes 
No 
 
30 (100%) 
1 (3.1%) 
31 (96.9%) 
1 (1.6%) 
61 (98.4%) 
 1.0 
Lipodermatosclerosis* Yes 
No 
7 (23.3%) 
23 (76.7%) 
3 (10.3%) 
26 (89.7%) 
10 (16.9%) 
49 (83.1%) 
 0.3 
Excoriated* Yes 
No 
1 (3.3%) 
29 (96.7%) 
1 (3.2%) 
30 (96.8%) 
2 (3.3%) 
59 (96.7%) 
 
 
 
1.0 
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  Control Intervention Total   
  Frequencies p χ2 p 
Atrophie Blanche Yes 
No 
9 (30%) 
21 (70%) 
14 (43.8%) 
18 (56.2%) 
23 (37.1%) 
39 (62.9%) 
 
1.23 
 
0.26 
Oedema Yes 
No 
15 (50%) 
15 (50%) 
20 (62.5%) 
12 (37.5%) 
35 (56.5%) 
27 (43.5%) 
 
0.98 
0.32 
Dry/Scaly Yes 
No 
15 (50%) 
15 (50%) 
14 (43.8%) 
18 (56.2%) 
29 (46.8%) 
33 (53.2%) 
 
0.24 
 
0.62 
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 Economical (n=62) 
  Control Intervention Total   
        Frequencies χ2 p 
Source 
of 
income  
Pension (DVA 
Aged/Disability) 
Self funded 
retiree/employed 
22(71%) 
 
9 (29%) 
16 (53%) 
 
14 (47%) 
38 (62.3%) 
 
23 (37.7%) 
2.02 0.16 
Health 
care card 
Yes 
No 
20 (66.9%) 
10 (33.1%) 
20 (62.5%) 
12 (37.5%) 
40 (64.5%) 
22 (35.5%) 
 
0.12 
 
0.73 
 
Social characteristics (n=62) 
  Control Intervention Total   
      Frequencies χ2 p 
Carer* Yes 
No 
3 (10%) 
27 (90%) 
1 (3.1%) 
31(96.9%) 
4 (6.5%) 
58 (93.5%) 
 
 
 
0.35 
Lives 
alone 
Yes 
No 
15 (50%) 
15 (50%) 
12 (37.5%) 
20 (62.5%) 
27 (43.5%) 
35 (56.5%) 
 
0.98 
 
0.32 
 
 Psychological profile 
  Control   Intervention      Total   
                                         Frequencies χ2 p 
GDS>41* Yes 
No 
5 (18.5%) 
22 (81.5%) 
3 (9.4%) 
29 (90.6%) 
8 (13.6%) 
51 (86.4%) 
 
 
 
0.45 
Co-morbidity 
of 
Depression* 
Yes 
No 
3 (13.6%) 
19 (86.4%) 
1 (4.2%) 
23 (95.8%) 
4 (8.7%) 
42 (91.3%) 
  
0.34 
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Psychosocial (n=62) 
 
  Control Intervention Total   
  Median (Range) Mann Whitney p 
YPAS  20.5 (8-89) 30 (11-79) 28(8-89) 578 0.057 
Tinetti  20 (7-28) 24.5 (6-28) 22 (6-28) 531 0.21 
ADL  18 (7-18) 18 (7-18) 18(7-18) 443 0.44 
SSS  79.5 (19-95) 88 (40-95) 83 (19-95)         498.5     0.13 
MCS  50.1(26-65) 52.7(16-63) 52(26-65)        427.5      0.91 
OEE  3.3 (2.3-4.3) 3.5 (2.3-4.7)   3.5 (2.3-4.7)         542      0.26 
FAB  11.1 (0-23) 7.5 (0-22) 9.3(0 -23)         301      0.062 
ROAM  20 (7-28) 23 (6-28) 22 (6 – 28)         500.5      0.21 
  Mean (SD) t p 
General SE  31.2 (±5.5)      33.6 (±7.1)          33 (±6.6)          -1.44 0.28 
PCS  40.5 (±8.1)     44.8(±8.6)              42.8 (±8.5)          -1.42 0.16 
Total SEE  4.4 (±1.5)      4.6(±1.3)                 4.5 (±1.4)          -1.35 0.54 
Adjusted GDS  1.3(±2.1)  0.89(±1.4) 1.1(±1.8)          0.96 0.34 
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Appendix D 
Completed study yes/no bivariate analysis 
 
Demographic characteristics (n=62)  
  Completed Did not 
complete 
Total   
   Frequencies  p 
Group* Control 
Intervention 
28 (47.5%) 
31 (52.5%) 
2 (66.7%) 
1 (33.1%) 
30 (48.4%) 
32 (51.6%) 
 0.61 
Site* QUT 
Gold Coast 
RDNS 
37 (62.7%) 
8 (13.6%) 
14 (23.7%) 
1 (33.1%) 
1 (33.1%) 
1 (33.1%) 
38 (61.3%) 
9 (14.5%) 
15 (24.2%) 
 0.53 
Gender* Male 
Female 
31 (52.5%) 
28 (47.5%) 
1 (33.1%) 
2 (66.7%) 
32 (51.6%) 
30 (48.4%) 
 0.61 
  Mean (SD) t p 
Age  71.5 (±14.7) 72 (±14)  0.72 0.89 
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Medical Conditions (n=62) 
  Completed Did not 
complete 
Total   
  Frequencies  p 
Diabetes* Yes 
No 
13 (22%) 
46 (78%) 
1 (33.1%) 
2 (66.7%) 
14 
48 
 0.54 
Osteoarthritis* Yes 
No 
28 (47.4%) 
31 (52.6%) 
 
3 (100%) 
28 
34 
 0.25 
Rheumatoid Arthritis* Yes 
No 
5 (8.5%) 
54 (91.5%) 
1 (33.1%) 
2 (33.1%) 
6 
56 
 0.27 
Heart Disease* Yes 
No 
19 (32.2%) 
40 (67.8%) 
2 (33.1%) 
1 (33.1%) 
21 
41 
 0.26 
Hypertension* Yes 
No 
36 (61%) 
23 (39%) 
3 (100%) 39 
23 
 0.29 
CVA* Yes 
No 
5 (8.5%) 
54 (91.5%) 
 
3 (100%) 
5 
57 
 1.0 
Autoimmune Disease* Yes 
No 
5 (8.5%) 
54 (91.5%) 
 
3 (100%) 
5 
57 
 1.0 
Chronic Pulmonary 
Disease* 
Yes 
No 
5 (8.7%) 
52 (91.3%) 
1 (33.1%) 
2 (66.7%) 
6 
54 
 0.28 
Peripheral Vascular 
Disease* 
Yes 
No 
16 (27.1%) 
43 (72.9%) 
 
3 (100%) 
16 
46 
 0.56 
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Medications (n=62) 
  Completed Did not 
complete 
Total   
  Frequencies  p 
Anticoagulants*  Yes 
No 
24 (40.7%) 
35 (59.3%) 
1 (33.1%) 
2 (66.7%) 
25 
37 
 1.0 
Antihypertensives* Yes 
No 
35 (59.3%) 
24 (40.7%) 
3 (100%) 38 
24 
 0.28 
Diuretic* Yes 
No 
16 (27.1%) 
43 (72.9%) 
1 (33.1%) 
2 (66.7%) 
17 
45 
 1.0 
Thyroxine* Yes 
No 
1 (1.7%) 
57 (98.3%) 
1 (33.1%) 
2 (66.7%) 
2 
59 
 0.09 
Steroids* Yes 
No 
12 (20.3%) 
47(79.7%) 
2 (66.7%) 
1 (33.1%) 
14 
48 
 0.13 
Analgesics* Yes 
No 
34 (57.6%) 
25 (42.4%) 
3 (100%) 37 
25 
 0.27 
Respiratory* Yes 
No 
8 (14%) 
49 (86%) 
2 (66.7%) 
1 (33.1%) 
10 
50 
 0.06 
Antidepressants* Yes 
No 
12 (20.3%) 
47 (79.7%) 
2 (66.7%) 
1 (33.1%) 
14 
48 
 0.13 
Non-Steroidal Anti-
inflammatories* 
Yes 
No 
11 (18.6%) 
48 (81.4%) 
1 (33.1%) 
2 (66.7%) 
12 
50 
 0.48 
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Venous history (n=62) 
  Completed Did not 
complete 
Total   
  Frequencies  p 
Varicose veins any leg* Yes 
No 
45 (77.5%) 
13 (22.5%) 
2 (66.7%) 
1 (33.1%) 
       47 
       14 
 0.55 
DVT any leg* Yes 
No 
13 (22%) 
46 (78%) 
1 (33.1%) 
2 (66.7%) 
14 
48 
 0.54 
Surgery/trauma in any leg* Yes 
No 
31 (52.6%) 
28 (47.4%) 
2 (66.7%) 
1 (33.1%) 
33 
29 
 1.0 
Venous surgery any leg* Yes 
No 
14 (23.7%) 
45 (76.3%) 
 
3 (100%) 
14 
48 
 1.0 
Cramps /  
Claudication any leg* 
Yes 
No 
14 (23.7%) 
45 (76.3%) 
 
3 (100%) 
14 
48 
 1.0 
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Clinical data (n=62) 
  Completed Did not 
complete 
Total   
  Frequencies  p 
Smoker* Yes 
No 
4 (6.8%) 
55 (93.2%) 
 
3 (5.2%) 
4 
58 
 1.0 
Walking aid* 
 
Yes 
No 
20 (33.9%) 
39 (66.1%) 
 
3 (7.1%) 
20 
42 
 0.55 
             Median (Range) Mann 
Whitney 
p 
BMI  30 (20 – 67) 20 (17 – 23)  65 0.18 
Range of ankle 
motion 
 29 (8 -55) 25 (15 -34)  70.5 0.78 
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Wound characteristics (n=62) 
  Completed Did not 
complete 
Total   
  Frequencies χ2 p 
Site of wound* Left 
Right 
33 (55.9%) 
26 (44.1%) 
2 (66.7%) 
1 (33.1%) 
35 
27 
 1.0 
Duration 
>24weeks* 
Yes 
No 
22 (39%) 
35 (61%) 
 
3 (100%) 
22 
38 
 0.29 
Area ≥10cm*2 Yes 
No 
11 (18.6%) 
48 (81.4%) 
1 (33.1%) 
2 (66.7%) 
12 
50 
 0.48 
Serous 
exudates* 
Yes 
No 
41 (76%) 
13 (24%) 
3 (100%) 44 
13 
 1.0 
Haemoserous 
exudate* 
Yes 
No 
17 (29.8%) 
40 (70.2%) 
1 (33.1%) 
2 (66.7 %) 
        18 
        43 
 1.0 
Sanguineous 
exudate* 
Yes 
No 
2 (3.5%) 
55 (96.5%) 
 
3 (100%) 
2 
58 
 1.0 
Purulent 
exudate* 
Yes 
No 
57 (100%) 
 
3 (100%)         58  1.0 
Odorous 
exudate* 
Yes 
No 
1 (1.8%) 
56 (98.2%) 
 
3 (100%) 
1 
59 
 1.0 
Infection* Yes 
No 
2 (3.5%) 
55 (96.5%) 
1 (33.3%) 
2 (66.7%) 
3 
57 
 0.15 
Treated with 
≥ 30mmHg 
Compression* 
 
Yes 
No 
 
33 (55.9%) 
26 (44.1%) 
 
 
3 (100%) 
 
33 
29 
 0.09 
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Surrounding tissue characteristics (n=62) 
 Completed Did not 
complete 
Total   
 Frequencies χ2 p 
Healthy* Yes 
No 
8 (13.6%) 
51 (86.4%) 
1 (33.1%) 
2 (66.7%) 
9 
53 
 0.38 
Dry/scaly* Yes 
No 
27 (45.8%) 
32 (54.2%) 
2 (66.7%) 
1 (33.1%) 
29 
33 
 0.6 
Maceration* Yes 
No 
5 (8.5%) 
54 (91.5%) 
 
3 (100%) 
5 
57 
 1.0 
Blistered* Yes 
No 
2 (3.4%) 
57 (96.6%) 
 
3 (100%) 
2 
60 
 1.0 
Erythema* Yes 
No 
11 (18.6%) 
48 (81.4%) 
 
3 (100%) 
11 
51 
 1.0 
Induration* Yes 
No 
2 (3.4%) 
57 (96.6%) 
 
   3 (100%) 
2 
60 
 1.0 
Lymphoedema* Yes 
No 
3 (5.2%) 
55 (94.8%) 
 
3 (100%) 
3 
58 
 1.0 
Haemosiderosis* Yes 
No 
30 (50.8%) 
29 (49.2%) 
2 (66.7%) 
1 (33.1%) 
32 
30 
 1.0 
Bruised* Yes 
No 
2 (3.4%) 
57 (96.6%) 
 
3 (100%) 
2 
60 
 1.0 
Hyperkeratosis* Yes 
No 
16 (27.1%) 
43 (72.9%) 
1 (33.1%) 
2 (66.7%) 
17 
45 
 1.0 
Eczema* Yes 
No 
10 (16.9%) 
49 (83.1%) 
 
3 (100%) 
10 
52 
 1.0 
Callused* Yes 
No 
1 (1.7%) 
58 (98.3%) 
 
3 (100%) 
1 
61 
 1.0 
Lipodermatosclerosis* Yes 
No 
    1.0 
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  Completed Did not 
complete 
Total   
  Frequencies  χ2 p 
Excoriated* Yes 
No 
2 (3.4%) 
56 (96.6%) 
 
3 (100%) 
2 
59 
 1.0 
Cellulitis* Yes 
No 
1 (1.7%) 
58 (98.3%) 
 
3 (100%) 
1 
61 
 1.0 
Oedema* Yes 
No 
35 (59.3%) 
24 (40.7%) 
 
3 (100%) 
35 
27 
 0.07 
Atrophie Blanche* Yes 
No 
22 (37.3%) 
37 (62.7%) 
1 (33.1%) 
2 (66.7%) 
23 
39 
 1.0 
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Economical (n=62) 
  Completed Did not 
complete 
Total   
        Frequencies  p 
Source 
of 
income*  
Pension (DVA 
Aged/Disability) 
Self funded 
retiree/employee 
36 (61.1%) 
 
23 (38.9%) 
2 (66.7%) 
 
1 (33.1%) 
38 
 
24 
 0.96 
Health 
care 
card* 
Yes 
No 
37 (57.6%) 
22 (42.4%) 
3 (100%) 40 
22 
 0.55 
 
Social characteristics (n=62) 
  Completed Did not 
complete 
Total   
      Frequencies  p 
Carer* Yes 
No 
4 (6.8%) 
55 (93.2%) 
 
3 (100%) 
4 
58 
 1.0 
Lives 
alone* 
Yes 
No 
26 (44.1%) 
33 (55.9%) 
1 (33.1%) 
2 (66.7%) 
27 
35 
 1.0 
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Psychosocial (n=62) 
 Completed Did not 
complete 
Total   
 Frequencies  p 
GDS > 4* Yes 
No 
7 (87.5%) 
49 (96.1%) 
1 (12.5%) 
3 (3.9%) 
8 
52 
 0.36 
  Completed Did not 
complete 
Total   
  Median (Range) Mann Whitney p 
YPAS  28 (8 – 89) 18 (11 -42)  60 0.42 
IADL  18 (7 -18) 18 (7 -18)  39 0.53 
General SE  32 (18 -60) 31 (20 -33)  56.5 0.4 
Tinetti  22 (6 -28) 22 (21 -27)  68 0.64 
SSS  83 (23 -95) 80 (19 -93)  63 0.55 
MCS  52 (16 -65) 38 (29 -52)  39 0.14 
PCS  46 (24 – 59) 38 (31 -39)  40 0.15 
OEE  3.5 (2 -4.4) 4 (3 – 4)  64 0.55 
FAB  10 (0 -23) 6 (3 – 15)  71.5 0.72 
  Mean (SD) t p 
MCS     
Total SEE  4.5 (±1.4) 4.5 (±1.1) -1.4 0.95 
Adjusted GDS  1.02 (±1.8) 2.3 (±1.5)  -1.2 0.07 
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Appendix E 
 
Ulcer healed yes/no bivariate analysis 
 
Demographic characteristics (n=59) 
  Healed Unhealed Total   
   Frequencies χ2 p 
Gender Male 
Female 
23 (59%) 
16 (41%) 
8 (40%) 
12 (60%) 
31 (52.5%) 
28 (47.5%) 
 
1.91 
 
0.17 
Country 
of 
Origin* 
Asia Pacific 34 (85%) 19 (86%) 53 (85.5%)   
 Europe 6 (15%) 3 (14%) 9 (14.5%)  0.60 
  Mean (SD) t p 
Age  71.82 (±14.8) 70.9 (±14.9) 71.5 (±14.56) -0.23 0.82 
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Medical Conditions (n=59) 
  Healed Unhealed Total   
  Frequencies χ2 p 
Diabetes Yes 
No 
7 (18%) 
32 (82%) 
6 (30%) 
14 (70%) 
13 (22%) 
  46 (78%) 
 
1.1 
 
0.29 
Osteoarthritis Yes 
No 
18 (46.1%) 
21 (53.9%) 
10 (50%) 
10 (50%) 
28 (47.5%) 
31 (52.5%) 
 
0.08 
 
0.78 
Rheumatoid Arthritis* Yes 
No 
4 (10.2%) 
35 (89.8%) 
1 (5%) 
19 (95%) 
5 (8.5%) 
54 (91.5%) 
 
 
 
0.65 
Heart Disease Yes 
No 
15 (38.5%) 
24 (61.5%) 
4 (20%) 
16 (80%) 
19 (32.2%) 
 40 (67.8%) 
 
2.06 
 
0.15 
Hypertension Yes 
No 
24 (61.5%) 
15 (38.5%) 
12 (60%) 
8 (40%) 
36 (61%) 
  23(39%) 
 
0.01 
 
0.91 
CVA* Yes 
No 
2 (5%) 
37 (95%) 
3 (15%) 
17 (85%) 
5 (8.5%) 
54 (91.5%) 
 
 
 
0.33 
Autoimmune Disease* Yes 
No 
2 (5%) 
37 (95%) 
3 (15%) 
17 (85%) 
5 (8.5%) 
54 (91.5%) 
 
 
 
0.33 
Chronic Pulmonary 
Disease* 
Yes 
No 
3 (8%) 
34(92%) 
2 (10%) 
18 (90%) 
5 (8.8%) 
52 (91.2%) 
 
 
 
1.0 
Peripheral Vascular 
Disease 
Yes 
No 
10 (25.6%) 
29 (74.4%) 
6 (30%) 
14 (70%) 
16 (27.1%) 
43 (72.9%) 
 
    0.13 
 
   0.72 
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Medications (n=59) 
  Healed Unhealed Total   
  Frequencies χ2 p 
Anticoagulants  Yes 
No 
17 (44%) 
22 (66%) 
7 (35%) 
13 (65%) 
24 (40.7%) 
35 (59.3%) 
 
0.40 
 
0.53 
Antihypertensives Yes 
No 
21 (54%) 
18 (46%) 
14 (70%) 
6 (30%) 
  35 (59.3%) 
24 (40.7%) 
 
1.43 
 
0.23 
Diuretic Yes 
No 
12 (31%) 
27 (69%) 
4 (20%) 
16 (80%) 
16 (27.1%) 
43 (72.9%) 
 
0.78 
 
0.38 
Thyroxine* Yes 
No 
1 (2%) 
37 (98%) 
 
20 (100%) 
1 (1.7%) 
57 (98.3%) 
  
1.00 
Steroids* Yes 
No 
9 (23%) 
30 (77%) 
3(15%) 
17 (85%) 
12 (20.3%) 
47 (79.7%) 
  
0.73 
Analgesics Yes 
No 
24 (62%) 
15 (38%) 
10 (50%) 
10 (50%) 
34 (57.6%) 
25 (42.4%) 
 
0.72 
 
0.4 
Respiratory* Yes 
No 
5 (14%) 
32 (86%) 
3 (15%) 
17 (85%) 
8 (14%) 
49 (86%) 
 
 
 
1.0 
Antidepressants* Yes 
No 
9 (30%) 
30 (70%) 
3 (15%) 
17 (85%) 
12 (20.3%) 
47 (79.7%) 
 
 
 
0.73 
Non-Steroidal Anti-
inflammatories* 
Yes 
No 
8 (21%) 
31 (79%) 
3 (15%) 
17 (85%) 
11 (18.6%) 
48 (81.4%) 
 
 
 
0.73 
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Venous history (n=59) 
  Healed Unhealed Total   
  Frequencies χ2 p 
Varicose veins any leg* Yes 
No 
29 (76%) 
9 (24%) 
16 (80%) 
4 (20%) 
45 (77.6%) 
 13 (22.4%) 
 
 
 
1.0 
DVT any leg* Yes 
No 
7 (18%) 
32 (82%) 
6 (30%) 
14 (70%) 
13 (22%) 
46 (78%) 
 
 
 
0.33 
Surgery/trauma in any 
leg 
Yes 
No 
24 (62%) 
15 (38%) 
7 (35%) 
13 (65%) 
31 (52.5%) 
28 (47.5%) 
 
3.73 
 
0.05 
Venous surgery any leg Yes 
No 
9 (23%) 
30 (37%) 
5 (25%) 
15 (75%) 
14 (23.7%) 
45 (76.3%) 
 
 
 
1.0 
Cramps /  
Claudication any leg* 
Yes 
No 
10 (34%) 
29 (66%) 
4 (20%) 
16 (80%) 
14 (23.7%) 
45 (76.3%) 
 
 
 
0.75 
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Clinical data (n=59) 
  Healed Unhealed Total   
  Frequencies χ2 p 
Smoker* Yes 
No 
2 (5%) 
37 (95%) 
2 (10%) 
18 (90%) 
4 (6.8%) 
55 (93.2%) 
 
 
 
0.60 
Walking aid 
 
Yes 
No 
8 (21%) 
31 (79%) 
12 (60%) 
8 (40%) 
20 (33.9%) 
39 (66.1%) 
 
9.20 
 
0.002 
             Median (Range) Mann 
Whitney 
p 
Height  175.7 
(150-190.5) 
172.7 
(150-182) 
173.5  
(150-190) 
 
1.6 
 
0.11 
Weight  86.5 
(57-153) 
85 
(56-216) 
88 
(56-165.9) 
 
-0.11 
 
0.91 
BMI  29.4 
(19.5-51.4) 
32.7 
(19.6-66.7) 
30.6 
(19.6-54.2) 
 
-0.99 
 
0.32 
Range of ankle 
motion 
  
31 (9-55) 
 
18 (8-50) 
 
28.5 (8-55) 
 
-2.2 
 
0.02 
Ankle circumference  24.5 (18-35.5) 23.5 (16-40) 24.3(16 -40)  0.33 0.74 
Calf circumference  39.6  
(30-66.5) 
36.1 
(21-76.5) 
38  
(21 – 76.5)  
 
 
1.8 
 
0.07 
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Wound characteristics (n=59) 
  Healed Unhealed Total   
  Frequencies χ2 p 
Site of wound Left 
Right 
24 (39%) 
15 (61%) 
9 (45%) 
11 (55%) 
33 (55.9%) 
26 (44.1%) 
 
1.47 
 
0.23 
Previous ulcer Yes 
No 
21 (54%) 
18 (46%) 
14 (70%) 
6 (30%) 
35 (59.3%) 
24 (40.7%) 
 
1.43 
 
0.23 
Duration 
>24weeks 
Yes 
No 
11 (30%) 
26 (70%) 
11 (55%) 
9 (45%) 
22 (38.6%) 
35 (61.4%) 
 
3.50 
 
0.06 
Area ≥10cm2 Yes 
No 
5 (13%) 
34 (87%) 
6 (30%) 
14 (70%) 
11 (18.6%) 
48 (81.4%) 
 
2.57 
 
0.11 
Serous 
exudates* 
Yes 
No 
25 (74%) 
9 (26%) 
16 (80%) 
4 (20%) 
41 (75.9%) 
13 (24.1%) 
 
 
 
0.75 
Haemoserous 
exudate 
Yes 
No 
13 (35%) 
24 (65%) 
4 (20%) 
16 (80%) 
17 (29.8%) 
 40 (70.2%) 
 
1.42 
 
0.23 
Sanguineous 
exudate* 
Yes 
No 
1 (3%) 
36 (97%) 
1 (5%) 
19 (95%) 
2 (3.5%) 
55 (96.5%) 
  
1.00 
Purulent 
exudate* 
Yes 
No 
 
37 (100%) 
 
20 (100%) 
 
 57 (100%) 
  
1.0 
Odorous 
exudate* 
Yes 
No 
 
37 (100%) 
1 (5%) 
19 (95%) 
1 (1.8%) 
56 (98.2%) 
  
0.37 
Infection* Yes 
No 
1 (2%) 
37 (98%) 
1 (5%) 
18 (95%) 
2 (3.5%) 
55 (96.5%) 
 
 
 
1.0 
Treated with ≥ 
30mmHg 
Compression 
 
Yes 
No 
 
21 (54%) 
 18 (46%) 
 
12 (60%) 
8 (40%) 
 
33 (55.9%) 
26 (44.1%) 
 
 
0.20 
 
 
0.78 
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  Healed Unhealed Total   
  Median (Range) Mann Whitney p 
Duration (weeks)  13 (2-234) 31 (4-416) 16 (2 – 416) -1.8 0.07 
Ulcer Area (cm2)  1.50 
(0.1-45.7) 
5.3 
(0.1-39.3) 
2.3  
(0.1 – 54.9) 
 
-2.21 
 
0.03 
  Mean (SD) t p 
PUSH Total  8.79 (±3.3) 10.7 (±3.4) 9.5 (±3.4) 2.07 0.04 
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Surrounding tissue characteristics (n=59) 
 Healed Unhealed Total   
 Frequencies χ2 p 
Healthy* Yes 
No 
4 (10%) 
35 (90%) 
4 (20%) 
16 (80%) 
8 (13.6%) 
51 (86.4%) 
 
 
 
0.42 
Dry/scaly Yes 
No 
15 (39%) 
24 (61%) 
12 (60%) 
8 (40%) 
27 (45.8%) 
32 (54.2%) 
 
2.47 
 
0.12 
Maceration* Yes 
No 
4 (10%) 
35 (90%) 
1 (5%) 
19 (95%) 
5 (8.5%) 
54 (91.5%) 
 
 
 
0.65 
Blistered* Yes 
No 
2 (5%) 
37 (95%) 
 
20 (100%) 
2 (3.4%)  
57 (96.6%) 
  
0.54 
Erythema* Yes 
No 
5 (13%) 
34 (87%) 
6 (30%) 
14 (70%) 
11 (18.6%) 
48 (81.4%) 
 
 
 
0.16 
Induration* Yes 
No 
1 (2%) 
38 (98%) 
1 (5%) 
19 (95%) 
2 (3.4%) 
57 (96.6%) 
 
 
 
1.00 
Lymphoedema* Yes 
No 
2 (5%) 
37 (95%) 
1 (5%) 
18 (95%) 
3 (5.2%) 
55 (94.8%) 
 
 
 
1.00 
Haemosiderosis Yes 
No 
18 (46%) 
21 (54%) 
12 (60%) 
8 (40%) 
30 (50.8%) 
29 (49.2%) 
 
1.01 
 
0.31 
Bruised* Yes 
No 
2 (5%) 
37 (95%) 
 
20 (100%) 
2 (3.4%) 
57 (96.6%) 
 
 
 
0.54 
Hyperkeratosis Yes 
No 
10 (26%) 
29 (74%) 
6 (30%) 
14 (70%) 
16 (27.1%) 
43 (72.9%) 
 
0.13 
 
0.72 
Eczema* Yes 
No 
6 (15%) 
33 (85%) 
4 (20%) 
16 (80%) 
10 (16.9%) 
49 (83.1%) 
 
 
 
0.72 
Callused* Yes 
No 
 
39 (100%) 
1 (5%) 
19 (95%) 
1 (1.7%) 
58 (98.3%) 
  
0.34 
Lipodermatosclerosis* Yes 
No 
6 (16%) 
31 (84%) 
4 (21%) 
15 (79%) 
10 (17.9%) 
46 (82.1%) 
  
0.72 
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  Healed Unhealed Total   
  Frequencies  χ2 p 
Excoriated* Yes 
No 
2 (5%) 
37 (95%) 
 
19 (100%) 
2 (3.4%) 
56 (96.6%) 
 
 
 
1.0 
Cellulitis* Yes 
No 
1 (2%) 
38 (98%) 
 
20 (100%) 
1 (1.7%) 
58 (98.3%) 
 
 
 
1.0 
Oedema Yes 
No 
21 (54%) 
     18 (46%) 
14 (70%) 
6 (30%) 
35 (59.3%) 
24 (40.7%) 
 
1.43 
 
0.23 
Atrophie Blanche Yes 
No 
11 (28%) 
28 (72%) 
11 (55%) 
9 (45%) 
22 (37.3%) 
37 (62.7%) 
 
4.06 
 
0.04 
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Economical (n=59) 
  Healed Unhealed Total   
        Frequencies χ2 p 
Source 
of 
income*  
Pension (DVA 
Aged/Disability) 
Self funded 
retiree/employee 
 
22 (55%) 
 
18 (45%) 
 
16 (73%) 
 
6 (27%) 
 
38 (61.3%) 
 
23 (37.1%) 
  
 
 
 
 
Health 
care card 
Yes 
No 
23 (59%) 
16 (41%) 
14 (70%) 
6 (30%) 
37(62.7%) 
22 (37.3%) 
 
0.69 
 
0.41 
 
Social characteristics (n=59) 
  Healed Unhealed Total   
      Frequencies χ2 p 
Carer* Yes 
No 
3 (8%) 
33 (92%) 
1 (5%) 
19 (95%) 
4 (6.8%) 
55 (93.2%) 
 
 
 
1.00 
Lives 
alone 
Yes 
No 
16 (41%) 
23 (59%) 
10 (50%) 
10 (50%) 
26 (44.1%) 
33(55.9%) 
 
0.43 
 
 0.51 
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Psychosocial (n=59) 
 Healed    Unhealed Total   
 Frequencies χ2 p 
GDS > 4* Yes 
No 
2 (6%) 
34 (94%) 
5 (25%) 
15 (75%) 
7 (12.5%) 
49 (87.5%) 
 
 
 
0.05 
  Healed Unhealed Total   
  Median (Range) Mann Whitney p 
YPAS  30 (11-79) 22 (8-89) 26.5 (8 – 89) 2.03 0.04 
ADL  18 (7-18) 18 (7-18) 18 (7-18)          0.15 0.88 
General SE      32 (20-40)    31 (20-60) 32.5 (20-60)          0.19       0.85 
SSS  88 (23-95) 85 (19-95) 87.5 (19 -95)          0.39       0.69 
MCS  53.6(19-63) 48.8 (26-65) 54.9 (26-65)         0.67       0.50 
OEE  3.5 (2 - 4) 3.5(2.6 – 4) 3.5 (2.6 – 4)         0.14       0.89 
FAB  8 (0-23) 11 (0-22) 9 (0 -23)         -0.68        0.5 
Tinetti  26 (10 – 28) 16.5 (6-27)           3.23        0.001 
  Mean (SD) t p 
PCS  44.9 (±8.1)          41.2 (±8.6)        43.3 (±8.5)          1.94      0.05 
Total SEE  4.8 (±1.3)            4.3 (±1.4)        4.7 (±1.4)          -1.01      0.31 
Adjusted GDS  0.59 (±1.3) 1.5 (±2.2) 0.76 (±1.8)         1.5      0.02 
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Appendix F 
 
Correlation matrix for healed Y/N 
  N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1. Group Correlation Coefficient 
 -.067 -.091 .179 .145 -.089 .005 .025 .113 .248 -.133 .167 .197 .142 
Sig. (2-tailed)   .606 .480 .186 .272 .496 .972 .849 .390 .056 .315 .211 .139 .270 
2. Surgery/trauma any leg Correlation Coefficient -.067  .232 -.153 -.020 -.132 -.197 -.065 -.259
* .062 -.133 -.028 .096 -.016 
Sig. (2-tailed) .606   .070 .260 .880 .310 .125 .623 .046 .639 .315 .834 .473 .901 
3. Walking aid Correlation Coefficient -.091 .232  -.597
** -.260* .018 .004 .048 .049 -.295* -.074 -.701** -.065 -.101 
Sig. (2-tailed) .480 .070   .000 .047 .891 .976 .716 .711 .022 .575 .000 .629 .433 
4. ROAM Correlation Coefficient .179 -.153 -.597**  .319
* -.166 -.151 -.201 -.086 .184 .016 .465** .102 .178 
Sig. (2-tailed) .186 .260 .000   .020 .226 .268 .144 .537 .179 .909 .000 .467 .190 
5. Calf circumference Correlation Coefficient .145 -.020 -.260* .319*  .030 -.002 .011 .015 .238 -.073 .261 -.007 .375
** 
Sig. (2-tailed) .272 .880 .047 .020   .823 .987 .938 .910 .075 .595 .054 .957 .003 
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 N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
6. PUSH Correlation Coefficient -.089 -.132 .018 -.166 .030  .946
** .211 .152 -.105 .059 -.179 .013 -.010 
Sig. (2-tailed) .496 .310 .891 .226 .823   .000 .108 .249 .427 .662 .184 .925 .941 
7. Baseline area Correlation Coefficient .005 -.197 .004 -.151 -.002 .946**  .275
* .228 -.148 .137 -.218 -.062 -.002 
Sig. (2-tailed) .972 .125 .976 .268 .987 .000   .034 .080 .258 .302 .101 .642 .989 
8. Duration of study wound Correlation Coefficient .025 -.065 .048 -.201 .011 .211 .275*  .821
** -.300* .243 -.202 -.095 -.037 
Sig. (2-tailed) .849 .623 .716 .144 .938 .108 .034   .000 .022 .069 .135 .486 .779 
9. Duration of study wound > 24 weeks Correlation Coefficient .113 -.259* .049 -.086 .015 .152 .228 .821**  -.203 .110 -.127 .020 .067 
Sig. (2-tailed) .390 .046 .711 .537 .910 .249 .080 .000   .127 .414 .353 .885 .611 
10. YPAS Correlation Coefficient .248 .062 -.295* .184 .238 -.105 -.148 -.300* -.203  -.085 .496
** .206 .280* 
Sig. (2-tailed) .056 .639 .022 .179 .075 .427 .258 .022 .127   .525 .000 .120 .030 
11. GDS > 4 Correlation Coefficient -.133 -.133 -.074 .016 -.073 .059 .137 .243 .110 -.085  .041 -.167 .089 
Sig. (2-tailed) .315 .315 .575 .909 .595 .662 .302 .069 .414 .525   .764 .218 .500 
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 N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
12. ROAM 
Correlation Coefficient .167 -.028 -.701** .465** .261 -.179 -.218 -.202 -.127 .496** .041  .218 .189 
Sig. (2-tailed) .211 .834 .000 .000 .054 .184 .101 .135 .353 .000 .764   .110 .154 
13. MCS 
Correlation Coefficient .197 .096 -.065 .102 -.007 .013 -.062 -.095 .020 .206 -.167 .218  -.143 
Sig. (2-tailed) .139 .473 .629 .467 .957 .925 .642 .486 .885 .120 .218 .110   .284 
14. Atrophie blanche 
Correlation Coefficient .142 -.016 -.101 .178 .375** -.010 -.002 -.037 .067 .280* .089 .189 -.143  
Sig. (2-tailed) .270 .901 .433 .190 .003 .941 .989 .779 .611 .030 .500 .154 .284   
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Appendix G 
 
Significant at the Bivariate level with the Yale Physical Activity Survey (n = 59) 
 
  Median 
(range) 
 Correlation coefficient p 
Ulcer duration (weeks)  16 (2 416)  -.30 .02 
Self-efficacy for exercise1  4 . 5 ( 1  –  7 )  .28 .03 
Tinetti score2  21 (6 – 28)  .50 <0.001 
Fear avoidance beliefs3  10 (0 -23)  -.28 .03 
Outcome expectations for 
exercise4 
 3 . 5  ( 2  - 4 )  .37 .005 
   Type of test  
  Median (Range) Mann Whitney U 
t 
 
p 
Site QUT 
GC 
RDNS 
30 (8 – 89) 
23 (11 – 60) 
20 (11 – 48) 
7.3 .03 
Walking aid No 
Yes 
    30 (8 -79) 
21 (11 – 89) 
247 .02 
a Yale Physical Activity Survey - Total Activity Index = frequency x duration x weighting 
factor for activities (possible range 0 -137) (0-100) 
1 Self-efficacy for exercise – range 1-7 (averaged), where higher scores indicate higher self-
efficacy toward exercise 
2 Tinetti score – range 0 – 28, where higher scores indicate greater balance and gait ability 
3 Fear avoidance beliefs – range 0 – 24, where higher scores indicate a higher level of fear 
4 Outcome expectations for exercise – range 1-5 (averaged), where higher scores indicate 
higher outcome expectations toward exercise 
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Appendix H 
 
Significant at the Bivariate level for the Tinetti Gait and Balance score (n = 59) 
 
  Median (SD)  Correlation coefficient p 
Mental component score1  52 (16 - 65)  -.27 .04 
Yale Physical Activity Score2  28 (8 - 89)  .5 <.001 
Self-Efficacy for Exercise3  4.5 (1 - 7)  .31 .02 
   Type of test  
  Median (Range) Mann Whitney U test 
t 
p 
Site recruited QUT 
GC 
RDNS 
26 (6 – 28) 
21 (11 - 26) 
19 (6 – 28) 
7.87 .02 
Gender Male 
Female 
26 (6 – 28) 
19 (6 – 28) 
218 .02 
Osteoarthritis No 
Yes 
  25 (12 – 28) 
19 (6 – 28) 
257.5 .01 
Peripheral vascular disease No 
Yes 
22 (6 – 28) 
20 (6 – 26) 
216 .04 
Walking aid No 
Yes 
26 (12 – 28) 
13 (6 – 26) 
58 <.001 
1 Mental component score - The scale is designed to have a mean of 50 where 0 indicates the 
lowest level of health and 100 indicates the highest level of health.   
2 Yale Physical Activity Score - Total Activity Index = frequency x duration x weighting factor 
for activities (possible range 0 -137) 
3 Self Efficacy for Exercise – range 1 – 7 (averaged), where higher scores indicate higher self-
efficacy toward exercise  
368
Appendix I 
 
Significant at the Bivariate level with Range of ankle motion (n = 59) 
 
  Median (Range)  Correlation coefficient p 
Mental component score1  51.8 (16 - 65)  -.28 .04 
Age     76.5 (31 -97)  -.35 .001 
   Type of test  
  Median (Range) Mann Whitney U 
t 
 
p 
Antihypertensives No 
Yes 
32 (15 – 55) 
22.5 (8 -51) 
204 .004 
Walking aid No 
Yes 
32 (9 – 55) 
18 (8 -32) 
90 <.001 
1 Mental component score - The scale is designed to have a mean of 50 where 0 indicates the 
lowest level of health and 100 indicates the highest level of health.   
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Appendix J 
 
Significant at the Bivariate level for SF-8 - Physical Component summary (n = 59) 
 
  Median 
(Range) 
 Correlation coefficient p 
Activities of daily living score1  18 (7 – 18)  .38 .004 
Fear avoidance beliefs2  10 (0 -23)  -.3 .03 
  Mean (SD)    
Adjusted Geriatric Depression Scores3  1.1 (±1.9)  -.28 .04 
  Median (Range) Mann Whitney p 
Chronic pulmonary disease No 
Yes 
44 (24 – 59) 
35 (31 – 50) 
75 .0047 
Autoimmune disease No 
Yes 
44 (27 – 59) 
33 (24 – 46) 
53.5 .03 
1 Lawton Independent Activities of Daily Living – range 0 -8, where higher scores indicate greater 
independence 
2 Fear avoidance beliefs – range 0 – 24, where higher scores indicate a higher level of fear 
3 Adjusted Geriatric Depression Scores  – range 0 – 7, where higher scores indicate greater levels 
of depression 
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Appendix K 
 
Significant at the Bivariate level with SF-8 - Mental Component summary (n = 59) 
  Mean (SD)  Correlation  
coefficient 
p 
Adjusted geriatric 
depression score1 
 1.1 (±1.9)  -.28 .04 
   Type of 
test 
 
  Median (Range) Mann 
Whitney 
U 
t 
 
 
p 
Bruised No 
Yes 
52 (16 – 65) 
32 (26 – 37) 
7.5 .02 
Eczema No 
Yes 
51 (16 – 65) 
59 (46 -61) 
323 .03 
Erythema No 
Yes 
51 (16 – 63) 
59 (45 – 65) 
408 .003 
Site recruited QUT 
GC 
RDNS 
50 (16 – 63) 
42 (19 – 58) 
58 (45 -65) 
  
.002 
Any trauma No 
Yes 
47 (19 -65) 
56 (16 – 63) 
583 .01 
Walking aid No 
Yes 
48 (16 -63) 
58 (26 -65) 
531.5 .008 
1 Adjusted geriatric depression score – range 0 – 7, where higher scores indicate greater levels of 
depression 
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Appendix L 
 
Statements of Contribution of Co-Authors for Thesis by Published Papers 
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